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predictive damage models, in order to tyypass the tedious 
experimental requirements for generating damage data. The 
predictive ability of the best of these models, the junction 
capacitance damage model, is investigated in (detail 


‘-Central to this study is a library of 
data for 46 silicon device types, comprising 
and diodes tested at the 10-, 1-, and 0.1 
These are devices from the front ends o 
systems and represent radio, field wire, 


xperimental damage 
ipolar transistors 
pf pulse durations. 

a number of Army 
and cable functions 


with operating ranges in the direct current (dc) to microwave 
region. Of the 46 experimental devices comprising 68 junction 
types (collector-to-base and emitter-to-base junctions treated 
as distinct for all transistors), sufficient published 
manufacturers' data were available for the damage modeling of 11 
junctions. These were supplemented with measured parameters for 
27 junction types.^» No measurable difference was observed 
between the modelPs. predictive capability by using the 
experimental parameters*, and that by using manufacturers' model 
parameters. The ratios \f experimental power to damage (for all 
tested pulse durations) \o predicted veilue span a range from 
0.00077 to 18—a skewed <ristribution, with 59 percent, of all 
predicted values being overestimates of the power to damage. 

With only 16 percent of the test-device population having 
sufficient published parameters to allow the junction 
capacitance damage model to be used, it is a valuable exercise 
to develop alternative, simpler damage models—not so much as a 
substitute for the junction capacitance model, but rather as a 
standard for comparison. The first considered was the dc power 
rating model. It was bas on the supposition that there is 
some correlation between dc ,x>wer ratings and transient power to 
damage. No distinction was made in the development of this 
model between forward or reverse dc ratings. The resultant 
model was applicable to 88 percent of the test-device population 
(based on published parameters) and demonstrated an agreement 
with the experimental power-to-damage data that was 
approximately two to four times poorer than the junction 
capacitance model. A second model was developed based on the 
manufacturers' rating of devices as high power or low power. 
This model considered the entire population of bipolar 
transistors and diodes (excluding microwave devices) as 
equatable to either of two devices with damage constants of 
0.089 and 6.1 W-s 1 ' 2 . This model was applicable to 90 percent 
of the test population and demonstrated the same level of 
correlation with the experimental damage data as did the 
junction capacitance damage model. 


A comparison of the predictive capability of the junction 
capacitance damage model with the scatter in the experimental 
damage data indicates that the use of the failure model requires 
an order of magnitude larger conservatism in the lower bounding 
of device failure than the use of an experimentally established 
damage curve. 
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1. INTRODUCTION 


Component transient damage data are an integral part of any 
comprehensive program of electromagnetic pulse (Q<P) vulnerability 
assessment and hardening. In general, semiconductor devices represent 
the most vulnerable of components and are the devices that have received 
the most intensive study. With approximately 75,000 bipolar transistor 
and diode types alone (of which approximately 2000 hqve military 
specifications), experimental damage data, data available only as a 
result of dedicated efforts, can be expected to be available for only a 
minor fraction of semiconductor devices. This, limitation has spurred 
efforts to bypass the tedious experimental requirements to generate 
damage data by developing predictive damage mbdols. Three semiempirical 
damage models are presently in general use. 1 These are designed to 
predict the failure level of bipolar transistors and diodes under 
conditions of reverse bias. There is amassed in the literature much 
information on the predictive ability of these models, much of it 
sketchy with no well defined standards for drawing a comparison and some 
of it contradictory. Based on the most exhaustive of these studies, 
there appears no clearly superior model. 2 

The purpose of this study is to focus on one of these, the junction 
capacitance damage model, and to attempt to establish some standards 
whereby the user can judge its adequacy. Central to this examination is 
a library of experimental damage data for 59 device types generated for 
the Army's former Multiple Systems Evaluation Program. These represent 
transistors and diodes incorporated into the front ends of a number of 
tactical single and multichannel radios, associated with circuits 
operating from the direct current (dc) to the microwave region. These 
data are taken from the unpublished work of Bruno Kalab of the Harry 
Diamond Laboratories. 

This study is a narrowly defined investigation of the predictive 
ability of the junction capacitance damage model. It must always be 
borne in mind that, when the adequacy of the model is judged, it must be 
considered within the context of all sources of error in a program of 
EMP vulnerability assessment and hardening. Since model accuracy is a 
subjective quantity to be measured by the particular needs of the user, 
no conclusions are to be drawn. Rather, a set of standards is to be 
developed whereby the effeccivenens of the model for particular 
applications can be judged. 


1 DNA EMP (Electromagnetic Pulse) Handbook (V), Defense Nuclear Agency 
DNA 2114H (July 1979). (CONFIDENTIAL) 

2 D. R. Alexander, G. L. Brown, and J. B. Almassy, Electromagnetic 
Susceptibility of Semiconductor Components, Air Force Weapons Laboratory 
AFWL-TR-7 4-280 (September 1975). 




2. EXAMIWATION 


Most predictive failure modal* for semiconductors are based on the 
work by Wunsch and Bell* 3 Based on a thermal model for failure* Wunsch 
and Bell developed the expression 


where P Q is the power to failure for a square pulse* K is a constant 
characteristic of the device (damage constant)* t is the duration of the 
power pulse* nnd* for the Wunsch-Bell form of equation (1)* N * 0.5. 
This value for N is treated as valid for junction reverse bias in at 
least the 0.1- to 10-ps range. It was observed that the^e existed a 
measure of correlation between power to damage and P-N junction area. 
From this observation were developed three analytical models for 
predicting device failure (under reverse bias) based on manufacturers' 
specifications. 14 The first two are called thermal resistance models and 
are based on a simple resistance-capacitance (R-C) network for which 
heat flow from the junction area is treated as an analog of current* and 
temperature drop is treated as an analog of electric potential. 

The thermal resistance models (incorporated into the Wunsch-Bell 
equation) are 


P D ' ‘I’x 1 t '°' S • 


p d ' . 


where A^* B^* and B 2 are experimentally determined constants and 


T - T 

J(MAX) *C 

0 *' — ~u 


(4) 


3 D. c. Wunsch and R. R. Bell, Determination of Threshold Failure 
Levels of Semiconductor Diodes and Transistors due to Pulse Voltages, 
IEEE Trans. Nucl . Sci,* VS-15 (December 1968), 244-2 59, 

U D, C. Wunsch, R. L. Cline, and G. R. Case, Semiconductor 
Vulnerability, Phase II Report, Theoretical Estimates of Failure Levels 
of Selected Semiconductor Diodes and Transistors, Braddock, Dunn and 
McDonald, Inc., Albuquerque, NN, BDM/A-42-69-R (August 1970). 





9ja . # (5) 

D 

where t j(hxx) is the maximum operating junction temperature and P Q is 
the total power dissipation at case temperature T c or ambient 
temperature T^g. 

The junction capacitance model is based on the relationship between 
junction area and capacitance. Tl^e form of this model (incorporated 
into the WVinsch-Bell equation) is 


X ,C V B 3t" 0,5 

3 jV 


( 6 ) 


where A^ and B^ are experimentally established constants, is junction 
capacitance, and V BD is junction breakdown voltage. 

To reasonably test model predictions, a representative sample of 
experimental data is essential. The term "representative" is used 
advisedly since a small sample taken from a large population must be 
chosen carefully. All devices are taken from the front ends of an array 
of Army communications systems. These interface circuits represent 
radio, field wire, and coaxial cable functions. No devices were 
prescreened. Instead, all devices were selected on the basis of their 
proximity to the BMP coupling source with no exclusion on the basis of 
potential power handling capability, and all devices were chosen without 
regard to previously publishod device data. This latter condition 
insured that all devices wore tested employing the same methodology and 
the same standards. All devices were obtained from federal stocks over 
a number of years without regard to manufacturer, device lot, or 
supplier. Tfc> the extent that such a selection process defines a general 
device population selected from among the types of devices of most 
interest in a transient damage analysis, then the test population can be 
called representative. 


3. RESULTS 


This device population (to be 
population) was employed in this study: 


referred to as the standard 
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Silicon devices 

2N 32EA(C-B) 
2N328A(E-B) 
2N335(C-B) 

2N335 (E-B) 
2N336:JAN(C-B) 
2N336:JAN(E-B) 
2N2484(C-B) 
2N2484(E-B) 

2N3736(C-B) 
2N3736(E-B) 
2N930(C-3) 
2N930CS-B) 
2N2481(C-B) 
2N2481(E-B) 
2N2907A(C-B) 
2N2907A(E-B) 
2N2222A(C-B) 
2N2222A(E-B) 
1N4384 
r'S911-3465 
1N816 
1N21WE 
1N914A 


1N752A 

PC115 

1N3026B:JAN 

1N3611 

1N3995A 

1N3016B 

1N4141 

10D2 

2N2S57(C-B) 
2N.?857(E-B) 
2N3375(C-B) 
2N3375(E-B) 

2N1490sJAN(C-B) 
2N1490s JAN(E-B) 
2N3584(C-B) 
2N3584(E-B) 
2N2894(C-B) 
2N2894(E-B) 
2N5829(C-B) 
2N5929(E-B) 
2N3013:JAN(C-B) 
2N3013:JAN(E-B) 
CA3018(C-B) 


CA3018(E-B) 
SMB52617(C-B) 
SMB52617(E-B) 
2N1613;JAN(C-B) 
2N1613:JAN(E-B) 
2N 1485s JAN(C-B) 
2N1485:JAN(E-B) 
2N3439(C-B) 
2N3439(E-B) 
2N 7 06sJAN(C-B) 
2N706s JAN(E-B) 
1R-69-6735 
1N2580 
1H571 As JAN 
lN4e5B:JAN 
1N299IB sJAN 
IN30..5B: JAN 
MO1054 
1N746 AsJAN 
1N645s JAN 
1N1202RAS JAN 
1N1731A:JAN 


Germanium devices 

2N404A( C-B) 
2N404A(E-B) 
2N297A(C-B) 
2N297A(E-B) 
2N526(C-B) 
2N526(E-B) 

1N270 

2N396A(C-B) 


2N396A(E-B) 
2N428M;JAN(C-E) 
2N428MS JAN (E-B) 
2N393s JAN(C-B) 
2N39 3: JAN(E-B) 
2N501A:JAN(C-B) 
2N501A:JAN(E-B) 
2N705: JAN(C-B) 


2N705:JAN(E-B) 
2N465Ms JAn(C-B) 
2N466Ms JAN(E-B) 
2N1042RAsJAN(C-B) 
2N1042RAs JAN(E*B) 
1N277s JAN 
MS 1040 


Separate collector-to-base (C-B) and emitter-to-base (E-B) damage 
characteristics for all transistors yield 91 P-N junction types. Power- 
to-failure curves are available for these devices in the 0. 1- to 10-ps 
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range, with some exceptions. If, for the devices with damage data in 
the aforementioned range, a fit is made to equation H), the histogram 
for N given in figure 1 results. 



Figure 1, Histogram of N from damage equation P Q ® Xt~ N for standard 
population fitted in 0.1- to 10-ps range. 


It will prove important for this study to consider the spread in the 
standard population power to damage and to have damage values for all 
tested devices. Because of test equipment limitations, some of the 
devices were urdamageable, particularly for the shortest pulses. All 
testing was performed about the 0.1-, 1-, and 10-ps pulse durations. 

For devices with data missing at the 0.1-us pulse duration, it becomes a 
simple matter tc extrapolate from the 1- and 10-us data. An examination 
of all data revealed that extrapolation could be done with a high level 
of confidence; as a consequence, no distinction is made between these 
extrapolated data and measured data. For devices with data missing at 
the 0.1- and 1-U3 pulse durations, extrapolation becomes much less 
accurate. By relying on equation (1), data at 10 ps can be used to 
extrapolate to 0.1 and 1 us: 


P d M l<s) 
P D <10 11s) 



and 


P Q (0.1 us) 
P D (10 us) 



(7) 
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The choice of N is critical. Figure 1 indicates a value anywhere 
between 0 and 1. If: N * 0.5 is chosen, then this results in a maximum 
error at the 1-us pulse duration of a factor of 3.16 and at the 10-us 
pulse duration of a factor of 10. For some devices, the maximum no¬ 
damage pulse power is used to improve upon these potential error factors 
in the choice of extrapolated damage levels. Tbe final situation is no 
power-to-damage data for any pulse duration. This occurred with a 
single device (1W3995A). For this device, the junction capacitance 
model was used to predict damage. Tbe predicted value is compatible 
with the maximvmi no-damage power pulse. This compatibility represents 
the unusual situation of using a model to contribute to a distribution 
that is part of a test of the model. The predicted value was included 
since it was considered more important to achieve a complete set of data 
for the standard device distribution than to be concerned with a single 
anomalous point. Beyond this distribution, little further use is made 
of the 1N3995A damage data. The resultant distributions for the 
standard device population are given in figures 2 through 4. The power- 
to-damage values for the individual devices are given in appendix A. 
Sources of uncertainty in the experimental damage data can be classified 
as these; 

a. The natural variability in the levels to failure in any 
population used to define a damage curve 

b. Tfte deviation in the makeup of the test population from that 
which is representative of a population of interest to the user 

There is no way that a study can come to terms with the latter source of 
uncertainty, except to anticipate the interest of the greatest number of 
users and to select a population accordingly. The former source can be 
described by using standard error theory. In anticipation of a more 
detailed description of the level of variability in the test population 
later in the report, figure 5 presents as a histogram the range in the 
data defined as 


V'/V , for V* > V 
or 

V/V* , for V > V* 


where V* is the experimental damage data point with the largest 
deviation from the damage curve and V is the corresponding value from 
the damage curve. These are values for all device types of the standard 
test population under reverse bias. Figure 5 represents the maximum 
deviation from the experimentally defined damage curve for a typical 
population of 9 to 15 tested components. 
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Figure 2. Histogram of experimental power to damage for pulse duration H 

of 0.1 ys for silicon devices of standard population (solid curve) 

with superimposed curve for germanium devices (dashed curve). J 
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The most recent form of the junction capacitance damage model, 
including the experimentally established constants, is given in 
table 1. A number of difficulties are encountered in applying this 
model to the standard device population. The model is not applicable to 
germanium devices. For all silicon transistors, a knowledge of device 
construction is required—a quantity that is sometimes difficult to 
obtain from the literature. Similarly, junction capacitance and 
breakdown voltage are often unobtainable. For transistors, these 
parameters are rarely available for the base-to-emitter junction. The 
consequence is that the model, based on published device parameters, is 
applicable to only 12 percent of the standard device population. If 
germanium devices are excluded from the standard population, this figure 
increases to 16 percent. To supplement missing data, experimentally 
established parameters for junction capacitance and breakdown voltage 
were employed. These increased the size of the silicon standard 
population to which the model was applicable to 47 percent. 


TABLE 1. JUNCTION 

CAPACITANCE DAMAGE MODEL 

Devices 


K = 

Pt l/2 

Diodes and nonplanar 
silicon transistors 

K = 

4.97 x 

10 - ^C 

10 L J V BD 

Mesa and planar 
silicon transistors 

K = 

1.66 x 

10~ 4 C V® *992 

14 U J V BD 


Note: For transistors, Cj " C ob and V BD 
BV cbo' 

Source: DNA EMP (Electromagnetic Pulse) 
Handbook (U), Defense Nuclear Agency DNA 2114H 
(July 1979). (CONFIDENTIAL) 


It has been reported in the literature that little improvement in 
the predictive capability of this junction capacitance damage model 
occurs when experimental input parameters are substituted for published 
values. 2 This study supports that conclusion. To compare the 
predictive capability of the model using experimental and published 
parameters, the data are presented in two formats. The quantities 
presented are not the predicted values, but rather the scatter in the 


? -D. R. Alexander, G. L. Brown, and J . B. Almassy, Electromagnetic 
Susceptibility of Semiconductor Components, Air Force Weapons Laboratory 
AFWL-TR-74-280 (September 1975). 
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predicted values defined as the ratio of the experimental power to 
damage to the predicted value* These data are presented as a histogram 
of the population distribution in figure 6. They are presented also as 
a function of the percentage confidence level. The percentage 
confidence level is defined as the percent of the subject population 
with a scatter less than or equal to the given value. For this mode of 
presentation, the scatter is given as the spread in the data without 
regard to whether the predicted value is greater or less than the 
experimental value. This means that for values of the predicted-to- 
experimental ratio for damage less than 1, the data presented are the 
inverse of this ratio. This mode of presentation provides a convenient 
way to judge the utility of the model based on the varying degrees of 
confidence required by the diversity of potential model users. The 
corresponding curves for the experimental and published model parameters 
are given in figure 7, 



Figure 6. Superimposed histograms of ratio of experimental power to 
damage to predicted value based on junction capacitance damage 
model: experimental parameters for junction capacitance and 
breakdown voltage (solid curve) and manufacturers' parameters (dashed 
curve) . 
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Figure 7. Confidence level for junction capacitance damage model test 
of standard population: published parameters (solid circles) and 
experimental values for junction capacitance and breakdown voltage 
(open circles); all extrapolated valuec for experimental damage data 
are excluded from standard population. 


All further reference to the predictions of the junction capacitance 
damage model is to a composite of data corresponding to the model 
predictions based on experimental parameters plus those several devices 
not included in this lot for which sufficient publishel parameters were 
available. The device population can be ascertained from the data 













prosented in appendix A. This composite curve is presented in figure 8 
for the standard population both including and excluding the 
extrapolated experimental damage values. 



Figure 8. Confidence level for junction capacitance damage model test 
of composite standard population: all extrapolated values for 
experimental damage data are excluded from standard population 
(circles) and extrapolated values are included (solid curve). 
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Much of the convenience of the junction capacitance model is lost 
because of the limited availability of the requisite published 
parameters. It is an informative exercise to test the performance of 
the junction capacitance model by constructing alternative, simpler 
damage models. The basis for the junction capacitance damage model was 
the observation that there appeared to be a correlation between junction 
area and transient power level to damage. It is not an unreasonable 
supposition to theorize some measure of correlation between device dc 
power rating and transient power level to failure. This model is to be 
referred to as the dc power rating model. Since this model is being 
proposed not so much as a potentially more accurate substitute, but 
rather as a standard for comparing the junction capacitance model, rigor 
is sacrificed for convenience of use and general applicability. Since 
devices such as rectifiers have power ratings for forward bias and 
devices such as reference diodes have power ratings for reverse bias, no 
distinction is to be made between forward or reverse bias in developing 
the model. For diodes without power ratings, but with a maximum rated 
current, a power rating is derived by selecting a reasonable 
corresponding junction potential. Similarly, power ratings for 
transistors are assumed to apply to the C-B and the E-B junctions. By 
these standards, sufficient published data are available to apply such a 
model to 88 percent of the standard silicon device population. 

To develop and test the dc power rating model, the standard silicon 
device population is divided into two groups. Population A (containing 
approximately half the devices) is that segment lacking sufficient 
information to apply the junction capacitance damage model, but for 
which dc power ratings (as previously defined) exist. Population B is 
the same as population A, but contains those devices to which the 
junction capacitance damage model is applicable. By using population A 
to develop the dc power rating model and population B to test its 
predictive capability, a good comparison of the alternative damage 
models becomes possible. Since experimental data for constructing the 
model are available about the 0.1-, 1-, and 10-ys pulse durations, a 

particularly simple model to fit the^e data is of the form 

V P DC " A i t-1 + A 2 t_l/Z + a 3 ' (8) 


where P D is the average power to damage for population A devices at 
pulse duration t and P^ is the corresponding average dc power rating. 
Although an equation of the form of equation (8) can be readily fitted 
to the device data, care must be used in extrapolating this relationship 
beyond the pulse durations used fox the fit. For data at 0.1, 1, and 

10 ps, constants A , A^, and A^ become (t in units of s) 
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P D (10 us) 


(9) 


Ai * 5.1 x 10' 


- 6.7 x 10 


-7 IE 


Pnd US) 


DC 


■DC 


+ 1.6 x 10 


-7 P D^°* 1 US * 
P DC 


A„ - - 2 . 1 x 10 


-3 


P D dO us) 


DC 


+ 2.3 x 1C 


-3 


P D d US) 


DC 


- 2.1 x 10 


P D (0.1 us) 


DC 


P D (10 us) Pq(1 US) P d (0.1 us) 

A 3 - 1.6 -=—z -0.68 - - + 0.052 - 


DC 


■DC 


•DC 


( 10 ) 


(ID 


The choice of the ratios of Pjj/Poq is based on the nature of the 
experimental device population. To choose as the ratios of Pq/ p dq the 
average of the selected population requires careful consideration of the 
definition to be applied to average. The device experimental damage 
data population is net a normal distribution, and included within this 
distribution are a number of devices with extrapolated powers to 
damage. If the average value for P D /Ppc i® taken as the arithmetic mean 
of the distribution, then the error inherent in the extrapolated values, 
values clustered at the high power end of the distribution, poses the 
possibility of an average value unrepresentative of the actual 
population. If the average value is taken as the median value of the 
distribution, then the uncertainty of the extrapolated values (if their 
number count is not too large) is eliminated, but at the risk that the 
median is not the value most representative of the population. Because 
of these uncertainties, both the arithmetic mean and the median are to 
be used for all modeling. The values developed to these standards for 
A 1 * *2' * nd \ for P°P ulation A are given in table 2. The junction 
capacitance damage model and the dc power rating model applied to 
population B are compared in figure 9. 

The correlation to be drawn between these curves is a function of 
the confidence level desired in the predictions. It is clearly beyond 
the scope of this study, being based on a limited data base, to approach 
the 100-percent level. Although all curves are extended to values 
approaching 100 percent, this extension is based on very few data 
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points. fli* consequence is that caution must be exercised in 
interpreting into the high confidence region. In the 50- to 90-percent 
confidence range, the dc power rating model yields a correlation with 
the experimental power to damage two to four times poorer than the 
junction capacitance damage model. 


TABLE 2. CONSTANTS A , A^, AND A FOR 
DIRECT CURRENT POWER 1 RATING MODEL Pq/Puc 
■ A t” 1 + A t” 1 ' 2 + A 


Statistic 


*2 

A 3 


(W-s) 

(w _ s ./2) 

(W) 

Arithmetic 

mean 

5.58 x 10" 4 

0.309 

34.2 

Median 

9.87 x 10“ 6 

0. 101 

22.7 


An examination of the spread in the junction capacitance damage 
model predictions and the spread in the damage data of figures 2 to 4 
indicates that it should be possible to define two power levels that 
cover the range of experimental damage data with a spread comparable to 
that of the junction capacitance model. As an attempt at such a model, 
which is called the power class model, all devices are classified as 
either high or low power devices based on published data.* Transistors 
are routinely classified as either high or low power—the dividing line, 
with some exceptions, is a power rating of 1 W. If the same 1-W 
standard is applied to diodes, then the semiconductor population can be 
divided into two clashes. For model development for those diodes 
without a power rating, all rectifiers, silicon reference diodes, and 
varistors are considered high power, and the remaining devices are 
considered low power. This division results in a model applicable to 90 
percent of the standard silicon device population. 


*The single exception in this model is microwave class devices . 
Because of their very low power rating, the preferred model is divided 
into three power categories . With few data available on transient 
failure of microwave devices (the standard silicon device population 
contains one microwave device, the 1N21WE), the best that can be done 
with the present study is to exclude this category. 
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Figure 9. Confidence level for dc power rating model: arithmetic mean 
used as standard for developing model parameters (solid circles), 
median values employed (squares), and confidence level for junction 
capacitance damage model (solid curve). 


In the development of this model, the same assumption on the power 
relation of equation (1) is employed as in the junction capacitance 
damage model (N * 0.5), despite the results of figure 1. in this way, 
the comparison between models minimises this factor as a source of error 
and allows a better comparison between the basic damage models. The 
model is developed by averaging the experimental powers to damage at the 
10-ws pulse duration for that segment of population A applicable to this 
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model as previously defined for the high power class and low power clas3 
of devices. The average is defined, as previously, as both the 
arithmetic mean and median values. The vonsch-Bell relationship of 
equation (1) is used to calculate the effective damage constant for the 
high and low power devices* 


» 3.16 x 10‘ 3 P h 


( 12 ) 


and 


= 3.1C x 10“ 3 P l 


(13) 


where Kjj and are the damage constants for the high and low power 
class of devices and P H and P L are the corresponding average 
experimental power to damage at 10 us for population A devices. The 
values for and are given in table 3, Using equations (12) and 
(13) with the damage constant values of table 3 on population B devices 
results in the confidence level curves of figure 10 (with the junction 
capacitance damage model curve included for comparison). There is no 
appreciable diffjrence in the predictive capability of the junction 
capacitance damage model and the power class damage model. Included in 
figure 10 is a fourth curve that represents the scatter in the 
experimental damage data for all population B devices. This curve is 
the percentage confidence level that a device selected from among the 
population B test items has a scatter from the experimentally 
established damage curves less than or equal to the ordinate value. 


TABLE 3. DAMAGE CONSTANTS FOK HIGH AND LOW 
POWER DEVICES FOP POWER CLASS 
DAMAGE MODEL 


Statistic 

Damage constant (W-s 1//2 ) 

High power 

Low power 


Arithmetic mean 

6.1 

0.089 

Median 

2.2 

0.063 
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Figure IQ. Confidence level for power class damage model: arithmetic 
mean used as standard for developing model parameters (solid 
circles), median value employed (squares), confidence level for 
experimentally established damage curves based on scatter in 
experimental data (triangles), and junction capacitance damage model 
confidence level (solid curve). 


4. SUMMARY AND FINAL ANALYSIS 

Two standards were used to analyze the predictive capability of the 
junction capacitance damage model. The first was a comparative test 
based on the development of two alternative, simpler models. Base of 
use and general applicability were the criteria for the design of the dc 
power rating and power class models. These criteria resulted in models 
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applicable to 88 and 90 percent of the devices of the silicon standard 
population based on manufacturers' published data compared with 16 
percent for the junction capacitance damage model. The dc power rating 
model was based on the assumption that there exists some measure of 
correlation between transient level to failure and dc power rating. 
Since certain classes of devices are rated for forward bias and others 
are rated for reverse bias, no distinction was made between these 
conditions for model development. 

Despite this nonrigorous mixing of power rating standards, the 
resultant model provided a level of correlation with the experimental 
damage data only two to four times poorer than the junction capacitance 
damage model. The power class model was based on the assumption that 
all devices (excluding microwave diodes) could be equated to either a 
high power device with a damage constant of 6.1 W-s 1 ' 2 (arithmetic mean) 
or a low power device with a damage constant of 0.089 W-s ! ' 2 (arithmetic 
mean). To establish the applicable class for transistors, the 
manufacturers' catalogings or - devices as high or low power were used. 
Since the dividing line between high and low powers is a rating of 1 W 
(with some exceptions) , the 1-W power rating was used to divide diodes 
into the applicable classes. The resultant model displayed a level of 
correlation with the experimental damage data comparable to the level of 
the junction capacitance damage model. These results do not bode well 
for the ostensibly more sophisticated junction capacitance damage model. 

A second standard to test the predictive capability of the junction 
capacitance damage model is based on the uncertainty in the failure 
level of devices resulting from their spread about an experimentally 
established damage curve. This uncertainty compels the user to place 
error bars upon the experimental damage data. Also, this uncertainty 
gives an absolute standard for comparing the junction capacitance damage 
model. It is standard procedure to define a device failure curve and to 
bound the lower limit on this curve with a second curve. This lower 
limit insures a certain measure of confidence that the subject device 
does not have an actual failure level below the value used. To achieve 
this same measure of confidence by using predicted failure based on the 
junction capacitance damage model requires a spread in the low bound 
approximately one order of magnitude larger than that required of an 
experimentally determined failure relationship. 

In the development of the dc power rating and power class models, 
some concern must be given to the possibility that the population 
selected and the standards used produced a fortuitous correlation with 
the capacitance model. Although the sire of the population and the 
standards used would seem to minimise this possibility, it is a 
worthwhile exercise to redefine the population and the standards to 
observe the resultant variation in model predictions. An exhaustive 
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compendium of such results is given in the appendix. A rigorous 
comparison among the many predictions is difficult because of the 
varying standards. Nevertheless, the trend indicates a variation in 
model predictions, particularly for the power class model, that requires 
no qualification of the results given in the body of this report. 










APPENDIX A.—DAMAGE MODELING COMPUTER CODE 
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APPENDIX A 


Contained within this appendix is a code used to generate many of 
the data presented in the body of the report and a statistical study of 
the direct current power rating and power class models based on varying 
population standards. Included with the code is a single printout of 
resultant code data. The printout covers only those data for which the 
arithmetic mean was used for all modeling, and the extrapolated values 
for experimental power to damage were incorporated into the data base. 

Although not indicated in the main body of the report, a study of 
the performance of the junction capacitance damage model for germanium 
devices is included. The germanium device model was taken from 
documentation receiving limited distribution based on a very limited 
germanim device population. Predictably, the results indicate a much 
poorer performance of the junction capacitance damage model for the 
germaniun than for the silicon devices. 

'Hie nature of the populations and the results for the alternative 
tests of the proposed models ar^ discernible from the information 
included in the data output. The quantity of the printed data is 
indicative of the mai.s of the data that must be h— died in a study of 
this nature. 
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1.6122$ 1 .60.167 1.49729 1.5734* 1 .57326 1.54322 1.535*5 1 .50255 1.45202 1.44552 

1-43927 1.43299 1.3*901 1.38*94 1 .3*358 1.37733 1.343** 1.33107 1.22*6* 1.22*4* 

1.1*011 1.18011 1 .10128 1.08414 1.08377 1. 6576 1.0*430 1 .00170 1.00170 

PARAMETERS IMMEDIATELY ABOVE VS PERCENT CONFIDENCE LEVEL 

330.38 99.6 307.3* 99.2 267.28 9*.* 190.15 98.4 154.32 98.» 152.59 97.* 122.92 97.2 


APPENDIX A 





r* r+ m m n ** f 

>f\ m r*- r* + 
r» 

• •••*•••••«•••• 
4mrA0>4»9>u , \rvO9»WF«-<£tA^ 


• •••**•••»»**»•»•«•*••»»*••«*♦•»*• or K »««o<ir*v***-*e''A~4*o 

***<*><**.h*Nr*o««mor*«hrtON»> 

oN<7*r-^i>rforr, 

rf'>cvcjorri4»^i/'*«^®^ORO<4f^fn(^ifi«i«o^f^f , **r^r-M-»«OfVY»o*r^«o • • • • • • • • • •• • • • * 

• »*> m r*> ^ «o c_> ^r^oO'^r'^kr.'^ 

• • • I • 1 • « « • 1 I t • I . I I < « I I I « I • I I I I • • • IVMri^FgNNMMRMPM 

>T ^ M N ^4 


f*. ® ® o <si ^^Bo-Mi»ncMr«miAf*>®ON^ 






o» m r>rM.«r 

HM/Mn « N N « « « 


m ^ >}■ - \ ® W»OOS«iN9>^ 
„ro-Mr^(o w ^ 0 j)ff.|ohM 

• **.«••» ) I > • I I « 

o r- ^h-^> ®po^Ci®r»®*Aio 




vrovah^^Birm ~ r* *7 -• o' ^ 9> « 4 ^ ^ ^o 

i^nnn-mmnp. 


^-MfXf^«r(N«o®-3^-pOcr«:h- 

f*- OfNf*4MD©com«^vmrg-«ir\ 
m<ro«i T \^^®ooNB < r>»ir 


(MT WfflN mam' 


o^>/®r»0''^< r »6Ar fc a'^'>*«rT®«©o#^®®^-9^^r«»*^f , '*rv'0«orvYy 

• * ••••»•*•••*•••••••»**••*•••••••*• 

•»•*** *•*•»•*«• 
-nrr-tt^r-^pAO^fM j)«ir 

0^r-^mr-*e>«rri-90®®r-r-'fi4Ju , '*ri»r»7'^r3nrnrvrvrwrs8^»—^«-<—•*-• 

® >r rOOVAFVBrg^-^^-H^ 

r- 

••NF^iTO* Ctfx-OWmr^sor*® 
ir®irN«o^mhir(*uAnN« 


• «••*•*•*•*•*• *••*«•**•••• »••••*•»* m 

O'm~4if>®'^o:nmr , ->o®< lf> «<r>'?®mr~(*i;j)r'-<-*aa®p49r>4rrM0««ir\rs< , vo 

••**••»•''••'»••• •'•»•*•• 1 1 •••••'' • 

i»s^r-r , ^r^«sor^f^^oao®r-“r^®® in »r» >/ + 

• •«ominr«4c , 4»ki4'N^ 

bimt 9 . JNmO'h^ ^ njo'^H 
• ••*••«*•«*••»* 
•—• ® iA 30 rfl •-• ) ^ n 4 « IT 


r r 'i/'r^O'-*F42»t 4 a> o n ^ .c ® o> p-* rn in r*- y ^ ® b - t f*g 

® «0 in i/' s? .7 »j 

ff<*AmoB9«irfM4ir^494<>^rrN^oami<i4«-if^orvAO^^mr^fp* 

r* tj 9* *aiNoMriNO'9in(Mr4mff‘m-9Bi»i»'<No^'r( r ii"<)ir^ivo 


D I* 1 ^ B fl 1 * I^^pnAOmA^O 1 


mf\;.'^rvAin«iA«M*r' « r- * m 

<* 


86 























APPENDIX A 


* m m * r« 
I N 4 A Ifl 
» m ip m 
> mom r* 


9r9H#SCNhh444 (f) |\ 1^ ^ p* ^ M 

> *r tn «» r- 0 > <rpno«j^^«^ k nr-*-»«f^«py^^r>d^fv^ir«-«frir^mmr^fx«^o^.t/>r- 

1 4 w 4 w\ r* « 4 ' 4 mi 4 >nso 4 n' 4 ^^m^ifl^**fsfs»(*(s**r'tnp*»<®^**ris 0 *^*fNO 

■*■«•**•** »•••*••• t i » i « •• i i i i » i i « i,i t » ♦ i • i » • • 

! ?5 E 2 £ § 2£2E2£;£C f *‘*' ,r '** 0 *** f * , ***'*' , * ,r, * m, ' >mf ** -, ' -p * # ‘‘ p * ** m 


oo c>» «m m« 
r*r>»*o — —4<* 
4*» i#\ *> n> n n N 
*«»oi*<+o» 
o«m~oofs<s 

• 4 40KM4»« 

+ 1t\ I** *4 ~m 


* m 

r»«44V>«N 

* o r*» »* + i* * • 
*-*•<< *« 0 fsm*s 

4hf o^m >m 

irn^NHM 


«rth Wt>iT <vo 

• * i » • » i • i » 

># 4 WrtOI^HHHFt 


’••ONmirh^>«l i nir\r , ‘9>ON440ON^4( ,K 9>Hl^^f , «9kMm44SO 

^ 4 wma ^ « <r 4 4c*i*t<*HnN nnm^hm 

^mo<r4mN«ir^t>«i/y««Mf 0*-(s-#r-*<i*r- «**••»« 0 * 1*0 

<0<O«-**r»0hm<*»*r»trt*4O*.A ^ f 4 ,# f* m 

0 4tfMflf<tN(SiMpi»*p|HM 


40-^ ••|<N^« 

w* *r» *r *h » n n 

4 t) 4 O <0 M 0 « 

C <* *i A< «« «* 


o , v*r4r‘0«wi#«^0-*m4««oN44«3Hffi*r“0»-*mifl^«oN«r 

0'0‘0«>»«>.*r'*r-f»00,00WN*/Ni/>tn.4.40mf*l*mr>*(SNr<**^ — 

,4 eo m ^ —* <^ m m m 0 •“ *r»^<^(%<*»rf-r\4*/N»*sr<r'srj' 0 h» .x 4>o^o-4*r 

N4‘M^o>r«/iow “• m « 4 o f* «r 0*4«4(**-4^»-«0 i»M«t4mor>4mH 


40ff> 4> -4 O «"> 0> 

<4 4 0 - - * r 

r*- *s m om«/i 4 
«* »* •- •* ** i* 41 * 

hoiA o4n»» 

fN (* rig r^ -« M 


O' O — 4—040 

Op* 0 «WO*r*-. 

</ h c. o 4 o o in 

— 4 0 01/10^4 

r* •* 4 c- 4 m o- qo 

-# 4 n ^ 


4 m 0 0 in r*- <o> m 

x«o^> — omr- 
O«OH0Nrt4 
»•«•••«• 
O«4^**oc0 

44NNmm m 


• <* 4\ *\ *i m 

I 0 ** <** «Q «4 

^ * r** m ** 

• *4 *i 0. m o 

4 n w h 

I <XN - 


** • <«» n» 0 m tn 4 • c* ' 

‘> f,fc, 4 , **^4f*or*4N‘sO'4f**4®inr**044***mfvraf , *4-*«4» 

O0 1 >»»C««h' fc h(*444K\ifliflrfl444^n(»'W(MMVft(HNrt 

11 4 | N |, '( < '0'«4irt ,, 1 ^“'i T IH"5^(D4‘4H4.|ftrfM^ . p. — g w ^ 1*1 - 4 91 , 

*^ir'\^4ir'irrg^«oNO-»irif , *^^<jN«t.f»f>joi#no/\^' ,, *®i>*' 


1 4 p* « ^ * 

1 o h h> * 4 iu 

^a-OOW 

* *1 N 45 5 4 

' 4^4 4rt«l 


wo4' n 9NQ > ^irff | 4^^'<«o9>ar»< 
^ *n rtmfiifyfyriwiHHt^rt 
»- fi 




0^404^ «r- 

MA«mNi0 4i« 

r or^ Oi^» 

<o- — <r>ookninn 

-444 4*44 

r**4r*»*4wf*o«o 


4 ^4 4 • m 

*^•44*44 
0 * O ^ 0 l- 4 (SO 

S H lA (*1 S ^ H 

4 i tf\ f> 0 n* 0 n- 


f\ 4 4 « O <~* f* 4> f* 0* «*■• * IT N • ■ 


i44«OiX!nin*0Mm^r»9»os4' 


>04 4 u\ ■ 
'4-0^4 
1 w*r*H« 

1 4 ^ — w> 4 

, 4 H p» 4 « 


>9>4*J«ifi(V9> 4i(»>«-'«infS0r fc 4'— ttirid '>4^*4^0^4'>9'«I 

000*09»«o»n-r»K400inm«nin4000f*<*mis'N»t's»4»"«* 

*u 

?Iir^t^ |t| !®!f'" ,|,,1 t5'^ rf ' M,, “?'' H '^'^‘ rtP * l ' , 4>C’0( t ' — N4«D N 4 1 

L4«p.rgi*o*-Ofs<stt^«o>4^r^»0> . 4 : r« 4 •-• « n 4 ' 

® • • • • * * • • • * • • • • * » • • t 1 » » • * » • • • » • i 1 i • 

444 * 4 * :• • 4 o 4 m ‘v-*'r'0 4 «r»>r*-4*tfw*0f*i* * 




*n 0 4 H 1 (n 4 — 1 ® 

0 4 n ?>•» sr> 
•-« •— 4 4 ** ** ** W> 
IT -% -NO 4 4 
410 

iTNO (♦'?<*' O 0 
*0 4 (* rsi -* *m — 


4IAN444: 


'N4*nr»0-*r>.inn-O 4 —fs44*ois4440-«< , *in'‘ , 0*-*( 


tf'OH(K)N^4 |r 9>“ff44H«|iANJ'N^«tnrtfnoN4-MrtJf ,, 4 (N9 4 m q jj w , m 
*0j(>j0.*04-in 0 O‘O 4 0O'«»®'*>***4444^«M^4444 l v\rt«NrNN(N - -«•-• 

IT O O' 4 N 4 4 4 C 4 * 


* • * * c * * * * •ui^ 00 ^ 4 r' 044 « 0 <n 449 ®»NNH -- 0> 0* 4 o W 4 ) h> 4 N 0 4 4 ' 
44 — — — t- » • • • * • * • •• • • • 1 « • « « « * ••• • 1 t » » • • • • • * 


m--*•**> a (*O4t*o0»m<*~4~ o « M* - 
X N*44**(NSM — — — — 

m 0 — 


1 


4004404^ 

O 40 44m -N 

^ 4 ci <*0 

0 * ** 4 m — r» 4 4 

-N4 40W -O 

f* 4 * 4 <* *4 — •-* 


























28236 8.24236 8.282 36 8. 00203 7.83105 7.80346 7.74265 7.57329 7.46613 7.42182 


APPENDIX A 




4N4 


ir %h()«o «nnir 4| 

^M44^oaiO>4iA4«8#0» 

^ p* 

MDNNNnm^O 

• | « 6 * I 8 I I I « I « 8 t 

rf> • o 

h» mm nhp8*8#* 


o r* 

» *0 r* m o * 

9kM4onMnNm 

c»n«o N 


/* ** O «9NOH^04O«m 

0*«»<#-*r-r«*0 < NfH ONrfl 


• mwioin«*96#ior*rfi«^ 
M^oiro-f-^wr^o 

tMftm^f(»imNNP8p4P8 


oi « «* r» *« wi »« Oinf^mooo* 

f*M9*lfNt»6D6ftQO«*On«|«*iA 
0^t/iW>*o®*r4<%^*P*«<%r* 
P* ^ O «O^N)A^N40KfB 

* 68668 688 666968 

rfl * 

p* m 1*1 /n ** »-* —4 p* 


*tfi*nr*«*^or». 

NnttiT«N«N4 

666866669 


r* o *+ ex o o®o*-*mo\'*®Q<N<p>rf\r*-0 ' sn4« •» ** 

4<H4t , o«mHfMA«Nm*8N»®rf»om*>hhoo 

«A®«Hfr*p8N^m^fM^ir®irOrf'Otr-4>WNi/'N 

^^ANNhmhm 


•-« to <n -^^>roo^<^r^om»r»>6 
*/'^OP fc **6^*Ot06/lO.**-8*0 
f'6®'00<*«oo<-»p*p**«m*/io 
NMN40>mh^«4hr ik <|N^ 

^•^f^tooip^otor^^iii^fpimcj 


«n*f**ir**Nfn» 

®40O60<N(\|4®,fi® 

^(M4)4)irh*-'-<fn 

fn^i^o^oor*^ 


o «> «*i o p* ^ ^ in « 

c 4r.^#N«:o®' 
O' f* rg »r» P* «4®n 


4 ao nm^r>«o 


* * -* rg 4 1 4tt9>xm^ « 


Nm»lA\®404N9>tftHMn4i4^o 4T O ■+ m OP u*» »-8 
^•‘•••P»P»'P***i/\i/l»#%4r«rPlPl*l»\»/nr4p*p* 

o^H3fs«mmof\4N^9'^^«rf\*8 4) rg r* *t m eg 

m *" ng r* « 


m«4irmKN4oN«9>>^9iH ' 

o o * om»04NNat« ^ o W' 

u> -8 ® i/s *-• f\ <t + t* ** 


^-»mr^%f*«4)*-8'NO‘<N8ir*^j6iu>c.rf\*42 

666666668666666S 

0.^i6(V>hmh 


0v^^«B<4/iO 4 
Qrg|*S09>044>*60 
^ h -«n * ■• m «o 
n%P*o«*p*6n-*^ 
N 4^'f 


* " Mi*MrN » )/sj*,©p*^ — -n*.©* .— **i ^ f»> «, o *g 

r'-r04N® ?4N<MT>8Mn^ 

9>**«toP*P»P a ‘*4*ii/Nt/i'r***mrgrwr*«««« 

« p* *<r*-«r»gr<0i/'O'# 8rrn*'6A0'-*t/irg 
*iif\tf , \o***ci#NP*o«r4>*itf>*o*ifii>i'A*"'r , "(T)«)^r^wi*N« 

<P**fp»rg<Nirg^^_ 


-i h - m i*\ i»irt h - 4 <m m o _j ^ 

4 4N-344C <>g l/l *f * 

WNrtiTH444&M^o®40»' 
4^M/'4iA(»l0'V*®Wir0^4 

— Pg«>8*09Q/>6*-*CPPpgai/ , \^*J#«l< , \l 


■•>0«hf 
1 <P *1 O P* 

i ®a ♦ 

>OQ«4 

. ® m »r o 


© rf> i/\ ii> 

^ 43 r- 60 666 

^OiT H W >T 41 I 

># 6/> ©* O * • • 

rn <o w» 41 tw to * < 

6 6 6 9 0 9 9> ( 

<*\ r>4 *+ m « 


> m *9 « p* 

* 6 • 6 6 
I * O « ** 


I ^ o ^ « 

I ffk «1 <0 9 

' -I *6« N 

:*sss 


O 4 o ® * z 
O' r- «o 60 rs* uj 
» * i/i 4\ 1/1 w> 
# * *i o <*i 
n 4-uio* 

6 8 6 fi 6 UJ 

mivMHri 


r»r«r»®o'736rv^®^<900'^'^^ 
n> ^ 6> o o 

y>«80«pnoo*<N^^»9P» *>6 ^ o- 

^MN9N4^^7«rt^aj^ 0<0 

OtflWN'V"*"- 


S pNQ«rt'Cin«r«wr»'>6Ti'>t« _- 


I N 9 O 4 

» r» o 0» O 

>«40 \ 
I P* 6*1 43 41 
lO>m 40 

t • * 1 6 

■ 4» 6/> * * 


4 94 4 </ S • • 
4«0//»6«W'9‘ 
"^O/W «4 6/1 < 

4 P“ N 9 O ► .61 
• * • • • -I 

W P8 '3* -* «8 aJ 


^«4i» , Ofl9f>. l, 3( , ii<lg'4®o9 
o •* p“ 4> 4» f*i *>* or* 4 h t) « o ^ r- 
0«<f^942'/'*6-0- , 40l'l' r i 
il>Ol*' 0 , 'NC'l!^«ONN 4 N/i 

• ** 66 # 986 # 669 iI 6 

4 81ift044ri«cj « r> rfl 4 o<^^ 
1*1 i/ir rrt r\i „ ^4 _ 

O 


r*/'4>»Oi\i f kinrB , oN>44r*9 ) -if»34 ® w o *-< w w* r* < 

0 0>h6*4 , Nk04ff'M * • • • • • * • • • • •• • 966 8 6 6# • 66 

fn 3if»86^6U/i8>MJ-*9 6 i^ , 0 -l O 43rg«04lp*P*l* , iO‘4i/l6« o o 43 PO O' HIM f 

’••*^p-*«fN*4~4*-»P* 0‘9'9 < eo«air»r M 4>43<Airi/1000 , f*>m(«irgpg_« M ^ 

P fc O«^4>a*/>4l4’f<>® k *1 

M^rfiN«^em4'H*ffi(«iH^«H-^an)i9Nir4«4oo*84u'Brf'or 
• • • • * • • • • • *u3ifl4949i/i'jm40' , l«N4M i n940404N« 

®N4«144^N'V«H6* 6 66 4 6 44 4 6 96 6494869 9 46 966 

W-84'-<0409lfiND0«Nr>4ifii/'44 >1 m (•! N N . 

*r»-oor''rt6ra^»-**-6« 


4>8r«otonr»®fN*ouoo < 00 ^ 
-»<#i/'^i/'»n/si/i8o«o^.(»3o<9«o 
'nrfio«^r*^ofn8f\®r*2^r-or fc Ok 
^~4*-6»>««»®Of , *»« , !»>jngy"tr*.-«60oo 


(AO'/ , “0‘/>^7*1«mo« 

Nlftl*l(*lNi8p8^« 

O 


1/3 o 4 « n 


64965 2.55692 



































1 


APPENDIX A 


m fx 
4<* 

4 o 


4-4 
9 , 9 
4 4 
4 a 

r- ^ 

« « 


4fX440P»fA049Apn404fX44<-HpH J *04fX440 

00444rH^44444444fA<AfAfxPX^«*A 

0fH*«9PH44i"9fA4«ArH4444fx04fx»H0aP*< r ‘04 

*mi-*pH404*9fnpH4f«HfN444-*4*««04rH«Ao»Ao 

rf> r* r .pH04r-4rA*‘H004pH44444(AiArxrx*4~nH 


4 9 O ^ 4 o 

r*» «-» 4 «x p- 4 

O 4 fA 4 O »H 

r* 4 <0 o * <x 

nfMN hm 


4 iN 4 O 4 -h 

ph ph 4 o ?x »x 
00 ^ 

A ph r* 

• 4 <*X 

4 4 rx rx *h ph 


4 4fX40*4f>i4 

044Phph*44* 




rA to 

r* 

o 


>N 

4 

4 

« 

o 

** 

fA 

4 

4 

4 

o 

Af 

(A 

4 

r* 

O 

O 

A< 

4 

4 

r* 

o 

pH 

m 

PH 

4 

fA O* 

* 

• 

• 

• 

• 


• 

• 

9 

• 

9 

• 

• 

• 

9 

9 

■ 

• 

9 

• 

• 

9 

9 

9 

• 

• 

r* 

4 

PH 


4 

A* 

O' 

4\ 


r» 

(A 

O 

4 

fX 

4 

X 

O 

r-» 

fA 

o 

4 

»9 


4 

o 

4 

rx 

4 

4 

pH 

o 

pH 

fn 

fA O 

o> 

o 

4 

• 

m 

r» 

c- 

4 

4 

4 

4 

4 

4 

4 

<A 

fA 

fA 

fM 

fX 

<x 

P9 





4 

(A 

4 

0 * A# 



























O 

PH 

r* 

• • 

4 

o 

O 

in 

o 

« 

o 

4 

O 

fA 

«9 

4 

4 

fA 

P9 

<X 

4 

4 

4 

4 

o 

PH 

4 

o 

4 

P‘9 


9 




A< 




4 

4 

m 


4 

O' 

4 


4 


4 

pH 

Mi 

p* 

O 

4 

4 

4 

o 

4 

pH 

o 

N 

«N 


• 

• 

• 

• 

• 

• 

• 

• 


• 

• 

* 

• 

• 

• 

9 

■ 

■ 

9 

9 

• 

9 

9 

9 

9 


fx 





41 

CD 

«-^ 

4* 


4 

4 

m 


o 

O 

m 

f- 

4 

M3 

4 

4 

4 

(A 

(A 

'•X 

<N 

fx 

pH 

pH 





o 

4 

m 

fA 

«N 

<N 

-9 

•i 

-9 


■-• 




















O' nhHir 

X3 4 

o®444fArxp*« 

OfA44H-4 f " k **<* 
fA 4 4 9>N OIM^h 

* t I 9 • • 9 • B 

o « 4 fx fx »x ^ "h 
4 ph 


O' Q 

flh fX 


9 • 

fA 

4 

4 

4 

o 

PH 

fA 

4 

P- 

4 

O 

f\ 

4 

4 

pH 

0 * 

PH 

rx 

4 

4 

4 

O' 

PH 


• 


9 

• 

9 

9 

9 

9 

• 

• 

9 

r 

i 

9 

9 


B 

• 

9 


9 

9 

9 


fH 

fA 

o 

4 

fX 


4 


4 

fx 

O' 

4 

PH 


fA 

O' 

4 

fx 

4 

4 

o 

4 

.A 


o 

o 

4 

4 

4 

K 

P* 


4 

4 

4 

4 

4 

4 

4 

fA 

(A 

fA 

rx 

N 

AJ 

-• 

•“* 


fA 

f' 

<N 

<A 

pH 


fX 

4 

O 

fA 

4 

PH 

4 

p- 

4 


O 

4 

4 

4 

3 

4 

4 


4 

fx 

4 

PH 

4 


o 

4 

4 

4 

O 

o 

4 

4 

O 

4 

fA 

4 


O 

4 

4 

4 


4 4 

■J 90 


4 <a 

Of* 


<X 


f 

® inj m « ^ » 

® n* •* *a 

O O' 4 4 4 Ph 

« 4 o -h 4 fx 
• *♦••• 


4 *x p-» 4 co 4 4 
<-« o co p* o 4 N 
4 » •-' O O I- 
•?h**'«i h o 

WN9>«4fM C 

^O NN H« H 
* ~* 


I 1 t • * 1 I I I 

r* ph -* O <^> Qf 4 «o P* 

04P*-44:aPX--i 


4 «X 


fA •« 

4 ® 
4 A 

4 ® 

—i fn 

• 1 

<X — 


«0 'Mf'lM\r*0 'Q'N^^N»^f''l ^eoO^^iTiNajO^ 
ooO'44pHpHrH 44444444rAfArxr* r NPHPH 
0'*->4fHBD^,Qy>4<7,©^4> i Qf*« Ll m4fAO^«i4 , ” , 4r* 

«*9>^lV0404^p|MOdir k NlMf>4<I^^N >jNh*^ 

04fAfAfAr>jf\ < *-»pHpHPHpp 

fx 


4 Ai rA x> r* »n rA 
h-« m ^ ^ « 
9 4 o ~* <a 4 o 
(n o ® • • 

fA fx ph ph ph (a *3 

4* ~* 




l*llt\^(M« 0 , OO 
0'<®fH444fApH 


f«QnOH|fl 

• 4 fx *x ia »n 


o o r- < 

4 »x 


4 fA fx 

*X N _ ph ph 


O O' 

O O' 

<0 ® 

4 4 

•’■* 4 

• t 
<N rH -* 


£3 

O 


^m«rr-oor*^ 4 r» 

!••«••••*•••*•»• •••#•»#••♦ 
i^O®fnO'0-^^mO*af*®^^r*mO , iT'^®40 <0 f* 
'00*fl©®pHp-pH444444 4 4 fAfAfXfxrx-HpHp-i 

^«®<r«MtA'A40 
f*4«0rf>^)00f*f*mrvf\4f*^m^)rf%o>'0 « hi/\n 


'N^rti t 'rgM«-'«>-H 


A* A| ph -. 


4 4 < 

as; 




4 

> *> 

O 


^i*\»nr»wON^^N^«fNj rf « o » h f 


4 o P" a 

m ;», 1 ^ N h h « 


U 2 O 

•-: 4 

rx 4 


-• u 4 
«M A t 
4 4 4 
ia fA 
• >• 4 


4 "X fA -, r“»-«'Orf'*'J^OO < ®^*®^44 4 rA fA r* rx *h • 

P» 1/3 a rr, r>j f>j .-«,-«« ■ - * 


3 ® .* r ' * « 


I 4 IN 

» O* - oi 

i h « W s^ s N 

> • • • 

» Q o •> r^ 


»*. r- -- O 
ae o r* 4 
3 • • * 
\j • ^ o 
4 f>J 


« O 4 * '>• 4 O 


fH fri r* ^ o < 

^04^^^ 


t* O 4 ® ^ N “» 
<9 4 ^ ^ 4 <N O 




t 4 4 O 
‘ o 4 m 


• 4 * 

N ~ *4 
4 0 0 
in m 

m -* « 


^ 1 ^ »« h h 4 


' 4 • 

wi • » ■ 

» f* 4 O 


N ^ n m »r 


if ^ fl N in 1 

<0 4» 4 N 


I « r* m 
4 4 0* 
• 4 f* 
1 ^ O *»• 


> — O • 1 
4» 4 U O* 4 f- ■ 


4W\ 4 *- ■ 

' 4v N — 




m -o 
o <** 
4 O 
4 4 

•■A 

fV 


■ ft fi if h ® O 

4 X ... ♦ l • 1 ♦ 1 • » • t 

4>-i0'4'«-**»4O<0'N®Lr\»^r-fA0'4\N'J*4''^i T l^'U''-*P*‘(ACj 

-> »n 

—i{^mf*»f**r»*4»44sO: 

• 4 r* r» 4 ^'> 4 lrti<'-»^ 0 »H«NAN(? 

V* ►— •••*••• * * * ••• *11 * I • * I »•* 1*1 

lu m 'M rv «rt -1 « 4^“4'** ,| '-iOO*®^44'iC4 'TI’iA^N-'Hh 

t 4 


4 o 4 
w*. O 4 

4 0 4 

• 4 **• 

i « 4 ' 


S irf' O' < 


I tfs »3 f* 4 r> 


f** O 4 >N fg »1 ^ ♦ 


i». •* —« ® f~ 

o* r- 9 - m 

»»* «n 

4 ^ Stf wA « m 

’ *M N 9 py 


4 W ir\ 4 4 ^ 1 

4 4 4 ^ N *-* 


A if N /’ O K ''H 

J « h «• tf f* h 


»«-44'N<N*' 4 "*—'•-* 


8 ( i 





i7<.8t 65.64^07 bJ.tiiCl <.(‘.9fc V'9 <.B„95!>55 40.BC348 30 ,96*9<i 29.97807 27.32201 







































APPENDIX A 



.76 17.A 1.76 16.7 1.72 15.9 1.71 15.2 

it 12.1 1.6* 11.6 1.60 10.6 1.1$ 9.9 



















-t • m r» * o * o •* * #» m r- 

N M M 


•'■•*i"****»i>«r<*r»0»n* 

NlMOh4,f 


iTONONhNO«\4 4«p 
4^4-HfNffNNhh«Nrf\4 
r*‘N»r>«Ar*4 , ^r**^^fs<r*-r- 
rf'4’«r>0<r>of* , 4*eh*oo 
*4n44«ro‘ , 'r»4«^N 


^-fH«ojfv^^mor'4N#»ftN«iA 

• N»f\N«nNN 

t»-0^-0«r«^Sr 4l*M*tNNNNn^M 


3p*^»<wir»NO»^mo 

K'0 4>44««(»'hNKH4H^0tfi0 

NM H« 


APPENDIX A 


sasssss*s 

« 9 *« « <# % O 

OlAmO niAO«w 

• o O m « t* «N O 

Aon^ wn kn « 

o#« 

Nr<xA«BoN 

»* >♦ .J> • *■* m *> r* o a* 

* *\ <a "• f* * r» % « 4 « an r* «m a, «4 r- ** «■* 

^"(♦•ONO»f n«^or«p-ar « 

«AO NH^iPI f A •• * • » I • • • « 

0«f» Wh*n#i« rf\AAP*tf\4Ari«"» 

a* * o • r* a * n o m ^ 

► ON «4 A N( *4 N m 

r* •■* 


•« n m ^ A ^ O O M 

4©#¥N*«**N* 

«r ** A* tf\OA«A4 

* o o «•© n j m o 

•* *< A» tr A fV H m •» 

nj ^ 


m««ON4N A-* A 
AaNON«4«hA 

NNOO-49SAA4 

NAOA44An)«»4 

A « h 


A AO A ah 4 4ANo^l s 

^#A»*4>»nmir*^^r*^<yN'N» 

*/'O'*OO#f*^C0^A4»>4*A 

• A<Mf N04A40AN 

A AOA4l^4 ANNNhH 
•N m 


J4'NAN--AM)AQr* rA^ 
A® -* -iN<«NJirA*A »A(M 

**04©4cufN*»f\r».tf\c'*4N<N 

• **»»••••*•»» 

o 4 ANrjN*^^ 


NA4AON4-*«rf'NA4AoN 4 •* m 
4QA0^A4AA«ANnAn4m«O 

^^••A»44^tA»44A'<«Ai#\4**4^ 

Of^^AN^AO-^O^AA^ANA 

• AA4A44440lftMA^«NA>ruw 

A^NO® 1 A4iT 4 AAmpgiNN^^M^ 

AN«nn 


•-• ® AN A* 4 4 "4 <0 AN 

«D • rA »r ^ ^ A « ^ 
AN 4 »■*• «ttrilA«4 
NO -tO ►f" NO 

m « 


W>^®N«5A*^‘«rf> 
N«A AO«ON« 
>A -H iT» 4 W —« 4 4 AN 
NA««nSA*< 
h-4H4Hi»Amo 

f^«^jDAN4r>i**.*** 

<A r- 


AA^hA^BONA 

4 4 •> #•• «A an A* on <r 

►•^A4AA4NN 

<»«NA*;«C6AnA‘ 

A*r-4**440** < «*4 

AAOA444 AN a 
4 ~ •+ 


o o - « « J' «l A N N IN M M 

l^N A* —4 


O A- 4 -• >» *A M»ANA4(«QN4^«A 

A-*4«i^O/»A ^A A«a«nAn4hi 
AA»«AA4rf\A4«|AANN««* 

(►A<A^A4tr^40tf\NA^m«irNp4 

OHNO ^ A» 4 AN ^ 4 AAojNn»<-«^^ 
4 A* ~ »h 


A«A-*®»fAA«A 
ANhAO«4AO 
o* * an • an a> a* 

wjoNa^Oo® 

NA A m A n a o 

ANBrf\^N«-« 

4 -* 


4NON 4A A -hA 4 
• »»*«»•«»• 
AN-ON44*«AA 
► • » A ^ 4 I** <*A 

ANNOAAN(ft44 
A\©©A*AN«»*mmA* 

A* • • 4 4 4 AN r* ~ 

O r-> ~ 


r* 4 m 4 < 
• ^4^1 
«D « r ® r 
>t 4«AM 
O f* • 4 I 
1*1* 
-A , 


I AN AO . 
>«AAN( 
•►•404, 
li/' AN 

I N ' « A l 


a< A N A H 4 A> OAO,*A4«N*NNN 
OA9'®»AA44/'i/\si m A N N m m 

U.r*“AN*-«U>~*«JANWN4r“4' A 4 A A 4 S A 

at O QO wo -?0 4NA4N4 NAAh*AN« 


i4mNhOA4Aa4i 

4 *M —• .-• ^ 


lf*NA|fAAi^**~«-. 


I *8 IT> O s7 A « 

> a ^ ^ 4 ^a o iu 
l\NA 4 A* O w f 
IH> N NJ A c? « at 
‘ •+ A* -* • 4 •* *M » 

>•••••* Q ( 

» 4 4 AN « — <- 


N* 4 r>4 4 *A A» X 

A f*» m A a «y 
«lNHAA«u 
• A AOO m 
4 ^ *> o 4 m 


I N 4 A 4 I 
I U> s* *-• CO 

■ 4 4 4 O l 

1 •““* N N ij I 

lAAAAi 


AN»>iO‘4'^T>A«4~«tf'N®wN<^tr4mo 

<Mtt«|*|(||l«tt|4 l ||t 

>«mNMA^«« -fiiOkT ' 4 9> 4 • <N C A 

AA**AN4^^ l /\^ l j(»\^N«'- 

<** 

> L A N « ^ C AaAJJ/AAaAAN " «-* 
*Ur»«. io^«coN»A»»«uNr*f^r»-u>nN -.- «o m 
'«•••• •»•*♦••»•«••••. 
'4«>*4^.^» , »4an4 aaannnnhh-* 
• O *t ~ ~ 


i *i j m h »h « a 


i*NnNO AU< 

A O N lA A ^ jj 

A*0»ANANA\«-*4i' 

fn #4 fA m A <N < 




INAO(»iON#m4.i/\nA4NONAh* 
i/* > A * * • • • t I ..I • t « | I • 

0 O «*N 

sA kA O' »>0»®«A-A-^<u>UN^sTAN«r><NC«4« 

N A A >fl 

»r*A<«-««^^4»»N4 NNA>Ac ■ N.QDOW^f^O^«j^^ 
I • • * w © • A« 9> •-«=)•*«» 04»^A4 

kMOAO-4O*AkTrfNA^f0iNNN(N^-*"' 

t A NN^*n 


KO'*-AOajONAA4 

*OA AN*OOr • • • • • » • » • t 

> fA ^AMAAAMftM^^AQ.-^A *i*. 

•A«4n>A« ►►•A^AtTAAN 
• it»-o»rkA4A»A<-u^ 

5-^«©*iT"**A^«rfNNrkr *A‘cor*-i-*%j 
' * • * 4 * • 

3A^>f(rtNM-4i- • « t • * 0 • • « t 

4 wA\^fy«Arf>AmN« 

1 flN- 


•4 

a 













566.569C9 226.79!H/5 92.36169 «0.62103 49.74396 28.13916 28.09290 23.81023 23.80403 23.7909 

23.59770 17.7*569 12.79053 11.37205 10.05147 9.37972 8.89917 8.89917 8.7*173 8.7*013 

6.75465 8.52754 6.1736* 7.21554 7.10753 7.03*03 6.92949 6.70015 6.69897 6.69473 

6.51746 6.4*752 5.87957 5.77487 5.68502 5.56198 5.30926 5.23481 5.15396 5.15305 


APPENDIX A 


0 0* 0 

INI 9- 60 • 0 

* * r* rt o 


04 0 0«o9Fi6OO»OO40 0 


m ^* *-»«■* .* o' o* iOO00O3m«099o 

««ON» OmM4««f40lVhf N 

0 0 0 r* *o **#*••**•••• 

HHIA04 • ~9«0t4*600mO4-**««99 

*-i « P* 0 o 04 I-9 


0 IX 8*9 9-9 ,9 


m * 0 
f mm ^ 

69 W P* 

0 h- • O 
• 8 • • 


<*» • tf\ o 

O < AN 

n? r* 
0 • ** 

» N 

• • • • 
9* .O 8*9 99 


w h n fi r* o 

*«»»•• 
m «o m « o 
• 0 ■ •. n -• 

0 s 03 o 4 * 0 o 
0 0- h* 0 0 o 
• •*••• 
M>9M 


04 04 C> 60 
0 0-80 

• «*> 0 fX 
0 0 r* 04 
iiii 


rfS 08 <N • 

• 04 0 #X 
mcoo 

o • ® m 

i • * • 


0 99 r- •-« fO W«*0'N'T05''90<B J3 

^ 69 N N 89 •••*•«•*•)*«• 

04 0 « f“ 0 (^^hoN>J<®69(»ur\00 

O O 4 

O 

• • • • • 

■8 N H h « h000-0h^04S4NO 


O « tO 0 

4 <-> 89 

04 40 

0 m * 0 

O O 8» M 

• l * » 

N W 99 89 


m »x • 90 0 to * f 


0040^4 

**•*88 

lf\ 0 04 60 0 04 

• 4 mm h 

o o m * 0 •+ 

4NS040 
• ••888 
m4NNop9 


r-« .*6 08 O* 

4 o n m 
O 4«N 
f* 4f*OI 
M09>m 
• 88* 
»"* 0 -9 *9 


i o • 

l 0 O 

i • t 4|s^89i«i4ttON4h»^ 

|HH *88888888*888 

44«94rnmoo^44B^ 
O' »Oh4444mN*9 

0h004*9 89 89 4B4^0 

o' o aoer-mm? moj89^H69 

‘ ** 0 0 ~ 

I <o o* 


F; ♦“» PO 0 
8 >v 9) O* 0 
hV\ 4»j 
ff. m f8i rg 

». N o m 

* • • * 

mm 


h4 

M -* 30 0 
F*. — 0> Oi 

4*0,8 

m 4 
o* 


B »9 ^ ® h 4 

^ O \ 

0« i<\ B O i/» O 

r- o o *9 0 o 
• 8,888 
•o O' m o* 8 ^ — 


rx F6 rx 

0 0 08 80 
^OC 4 
• 888 
4 N >9 


•■*■' *> O' O 

4 m 6Mi 

■o 6- o ~ 

r- ir\ O' f" 

0>4? 4 


4 » 3 M4 O ^ « 

■ 88888888 
mr»3N4 4««9i»u 
to m <p a 3 (PB«04m44mi 

60 0 (O 60 0 

O' 99 60 03 o< iMo08«hmom89i 

4<*l«f 0 >h 4 44 o4«4 m»( 

-40040 •»•••)'* 

• * • • 9 30 3104 8 it moi I 

4 m ^ OH 0 04 


89 -9 N ^ 

m 4 m m 
O 0 O 0 
»■ O 4 B 
00^4 


i'l B H 41 » H 

8 • • 8 8 9 

OmNOmf* 

A 4 fM 

0 flC fi >4 -0 p 4 

8-» rx *9 60 <0 o» 

8 8 • 8 8 • 

4NI*INhh 


N44* 
*40 0 
0 04 60 0 

m o h 
N 4 4 4 


I 04 »0 99 O' 

i 9 4 4 m iw 

\0MTNw04 om4t 
pN04' 1 * • • • • • 

i9xmNi6i4BH(Timi 


6^ m o' r oi oi t 
M O' P* 0 04 60 I 
O • • • 8 8 

o 04 m • r- 4t 

0 04 


)4m44X 
■ 99 rf> rx 0 93 
iahumhj 

i ft* Aft. 


> r* O N4 4< 
></ *B r- 4t 

6*4 

> 4 -9 B,9 4* 
> 4 N 4 h 30 « (PH «( 

• o mm • • • • • 

i m m o 9 « 4 m »b 4i 

10-000* o* 04 

I 044N>N 


u 4 n m 4 oi m 

r? • 8 9 8 • • 

Ik 04 4) O' 04 4 0 

ooom 4N 


w o n m 89 h 

*4 99 


rx 4> O' 04 0 O' 

m 8 6 • 8 • • 

9» 60 00 99 60 * 99 

»P44^h 

6*3 

> o 4> m m m pi 

i O »-* to 0 io ® m 

' 80 8 8 8 8 8 8 

• 4 O 99 4 h « 

> *4 03 


H 4 % 4 

0 0 99 0 6*3 

ON4 4 W 0 

(p o m 4 * * 

04 *4 P« 60 6*3 04 

8 8 • 8 O O' 


99 m o r» 0 

m 4 m 89 i*3 

ooopj <j 
0000 

FI o 99 4> 0 

• 86 * .1 1 

o* O' m -9 a. 


O' 99 o O • O O. 
60 rx 8H 04 *9 *Q 6 
4h4*hb^ 
04 O 4 60 99 — f» 
O B N 4 O >* 


I4-m4«ON4PO'-m* 

OBOB4Kt|6iiiiiit6tt 

omfrmp 9 89*,Homoo \ 4 4 « 89 m m 

~ C. O* 99 4» »»«P44m4miMNH 

-i 4 h b m 

>«j4omBP'«mmo4mNOOHHrt 

. • • 8 •MBcamom««9'0iO4H 

m Cl N H 9 *• 8 * • 8* 8 • •• * • « • 

w4mo«4m4mNNH>9 9 

x 0 04 99 


X 92 i m 4 C m 

9> s O>C|Pt 88 8 8 8 8 

mP03^"PH4^H4 
m»»mn o b 4 4 m 99 

o ^ 0 0 -»*0 

mN400i(H4NBNm 
• 8 8 8 • ^' fp ^ S 4' 4 0 

O. rx 7X 99 99 *- 8 8 6 6 • • 

mn mPN4 f KHH 

X 06 04 


X 0 

0 O' O O <* X • 

b 3 , sr ip « n 

4 B o N 4 0 

O* o 0 60 f- 07 

o n m 4 ob m 

• 8 6 • • 4*J O* 

0 I>1 Cl *9 H H • 

o* 99 6*3 0 


92 





































APPENDIX A 


r- o m r* o 
• • • • • 
4 O m 4 O 


r* o 

♦ * 


« ^ H 

*40 


o 4 r» o 4 

i * i • i 
* N *A * N 
*IA ^ h 

trw rg <9 r- 
o 4 o 4* o 
■!•••• 
(M*l 04 H h 


4 m ~ 4 • 


^ lA W (\ 


<n « * o» <n 

«• 4 O * N 




« -« JO -* 
• • • • • 
m r* o <*> r« 
p» tf\ 4 *n 

m 4 rvj csi O 
in o 4 4 m 

I I I • I 
N ran-t 


IN y\ e> rg W> 

• • I » I 
4 * «N 4 * 
r* * 4 ** 

* * rn 0 > N 

* O !*• 4 <n 

I • I • I 

O' 4 N — «-* 


4 * <N 4 0> 

f*<4N^ 

<r rf> o 4 m 

‘ 4 IN 4 

N -if m H M 
Oi 


~ m 4 o 
• • • « 

«D 4 4 * 


m K 4 »*■ 
^ 4 ** «0 




9 1 



















distribution 


ADMINISTRATOR 

DEFENSE TECHNICAL INFORMATION CBTK 
ATTN DTIC-OOA (12 COPIES) 

CAMERON STATION, BUILDING S 
ALEXANDRIA, VA 22114 

COMIANDtR 

US ARMY RSCH A STD GP (EUR) 

ATTN CHIEF', PHYSICS A MATH BRANCH 
FRO HEM YORK 09110 

COMMANDER 

US ARMY ARMAMENT MATERIEL 
READINESS COMMAND 
ATTN DRSAR-LEP-L. TECHNICAL 
LIBRARY 

ROCK ISLAND, IL 61299 
COMMANDER 

US ARMY MISSILE A MUNITIONS 
CENTER A SCHOOL 
ATTN ATSK-CTD-F 
REDSTONE ARSENAL, AL 35009 

DIRECTOR 

US ARMY MATERIEL SYSTEMS ANALYSIS 
ACTIVITY 
ATTN DRXSY-MP 
ATTN ORXSY-PO 

ABERDEEN PROVING GROUND, ND 21005 
DIRECTOR 

US ARMY BALLISTIC RESEARCH 
LABORATORY 

ATTN DRDAR-TSB-S (STINFO) 

ATTN DRXBR-AM. W. VANANTNERP 
ATTN ORSTE-EL 
ATTN DRDAR-BLE 

ABERDEEN PROVING GROUND, HD 21005 

HQ usury SAMI 
WASHINGTON, DO 20330 

TELEDYNE BROWN ENGINEERING 
CUNNINGS RESEARCH PARK 
ATTN DR. MELVIN L. PRICE, MS-44 
HUNTSVILLE. AL 35807 

US AMI ELECTRONICS TECHNOLOGY 
t, DEVICES LABORATORY 
ATTN DELET-DO 
FORT NONHOUTH, NJ 07703 

DIRECTOR 

ARMED FORCES RADIOBIOLOGY 
RESEARCH INSTITUTE 
DEFENSE NUCLEAR AGENCY 
ATTN RESEARCH PROGRAM COORDINATING 
OFFICER 

NATIONAL NAVAL MEDICAL CENTER 
BETHXSQA, MD 20014 

ASSISTANT TO THE SECRETARY OF 
DEFENSE 
ATOMIC BBRGY 
ATTN EXECUTIVE ASSISTANT 
WASHINGTON, DC 20301 


DIRECTOR 

DEFENSE ADVANCED RSCH PROJ AGENCY 
ATTN TIO 

AAHITECT building 
1400 WILSON RLVD. 

ARLINGTON, VA 22209 

FEDERAL M41RGENCY MANAGEMENT AGENCY 
ATTN AMES W. KERR, MITIGATION 
t RESEARCH 

WASHINGTON, DC 20472 

DEFENSE COMMUNICATIONS ENGINEERING 
CENTER 

ATTN CODE A720, C. STANSBERRY 

ATTN CODE R121, TECH LIB 

ATTN COO* R400 

I860 WIEHLE AVENUE 
RISTON, VA 22090 

DIRECTOR 

DEFENSE COMMUNICATIONS AGENCY 
ATTN CCTC C312 

ATTN CODE C313 

WASHINGTON, DC 20105 

DIRECTOR 

DEFENSE INTELLIGENCE AGENCY 
ATTN RBS-3A 

ATTN RDS-3A4, FOHPONIO PLAZA 
WASHINGTON, DC 20101 

DIRECTOR 

DEFENSE NUCLEAR AGENCY 
ATTN DDST, DEP DIR, SCI A TECHNOLOGY 
ATTN RAEV, ELECTRONIC VULNERABILITY 
DIV 

ATTN TITL, TECH UB DIV 
ATTN RAEE, «MP EFFECTS DIV 
WASHINGTON, DC 20305 

COMMANDER 
FIELD COMMAND 
DEFENSE NUCLEAR AGENCY 
ATTN FCPR 

ATTN PCS PH, J. SMITH 
ATTN FCLMC 

KIRTLAND A IB, NM 87115 
DIRECTOR 

INTERSBRVICE NUCLEAR WEAPONS 
SCHOOL 
ATTN TTV 

KIRTLAND AFB, (W 07115 

JOINT CHIEFS OF STAFF 
ATTN J-3 

WASHINGTON, DC 20301 
DIRECTOR 

JOINT STRATEGIC TLRGET PLANNING 
STAFF, JCS 
ATTN JSAS 
ATTN JPST 

ATTN NRI-STINFO LIBRARY 
OFFUTT AFB 
OMAHA, IB 68113 


CHIEF 

LIVERMORE DIVISION, FIELD COMMAND 
DNA 

DEPARTMENT OF DEFENSE 
LAWRENCE LI VERB ORE LABORATORY 
ATTN PCPRL 
P.0. BOX 80S 
LIVERMORE, CA 94550 

NATIONAL COMHINICATIONS SYSTB4 

OFFICE OF THE MANAGER 

ATTN NCS-TS, CHARLES D. BODSON 

department or defense 

WASHINGTON, DC 20105 
DIRECTOR 

NATIONAL SECURITY AGRNCY 
ATTN R-52, O. VAN GUNTEN 
ATTN S232, D. VINCENT 
DEPARTMENT OF DEFENSE 
FT. (XORGK G. MEADE, MD 20755 

UNDER SECY OF DEF FOR RSCH V ENGRG 
ATTN G. BARSE 
ATTN SLSS (OS) 

DEPARTMENT OF DEFENSE 
WASHINGTON, DC 20301 

COMMANDER 

BMD SYSTEM COMMAND 
DEPARTMENT OF THE ARMY 
ATTN BHDSC-AOLIB 
P.O. BOX 1500 
HUNTSVILLE, AL 15807 

COMMANDER 

ERA DCOM TECHNICAL SUPPORT ACTIVITY 

DEPARTMENT OF THE APMY 

ATTN DRDCO-COM-NR, G. GAULK 

ATTN DELSD-L 

ATTN DBLCS-K, A COHEN 

ATTN DELET-IR, E. HUNTER 

FORT MOWOUTH, NJ 07703 

C0tB4ANDKR 

US ARMY AIWOR CENTER 
ATTN TECHNICAL LIBRARY 
FORT WOX, KY 40121 

COMMANDER 

US ARMY COMM-ELEC ENGRG INSTAL 
AGENCY 

ATTN CCC-PRSO-S 

ATTN CCC-CED-SES 

FT HUACHUCA, AZ 856 1 3 

COMMANDER 

US ARMY COMMUNICATIONS COMMAND 
COMBAT DEVELOPMENT DIVISION 
ATTN ATSI-CD-ND 
FT. HUACHUCA, AZ 85613 

CHIEF 

US ARMY COMMUNICATIONS SYS AGENCY 
ATTN C«-RD-T CCM-AO-SV 
TORT MOF410UTH, NJ 07703 


EttOBMio bum mMK-mrr num> 



DISTRIBUTION (Cont'd) 


OPH S INC GARS 
DEPARTMENT OF THE ARMY 
ATTN DRCPM-GARS-TM 
HQ US ARMY COWUNICATIONS 
fc KUKTRONICS MATERIEL READINESS 
COMMAND 

FORT MONMOUTH, NJ 07703 

PROJECT orriCIR 
US ARMY COMMUNICATIONS RES 6 
DEV COMMAND 
ATTN DMCPM-ATC 
ATTN DRCK1-TDS-BSI 
FORT M0W4OUTH, NJ 07703 

DIVISION ENGINEER 

US ARMY ENGINEER DIV, HUNTSVILLE 

ATTN HNDED-SR 

ATTN A« T. BOLT 

P.O. BOX 1600, WEST STATION 

HUNTSVILLE, AL 35807 

US ARMY INTEL THREAT ANALYSIS 
DETACIWENT 
ROCM 2201, BLDG A 
ATTN PM 2200, BLDG A 
ARLINGTON HALL STATION 
ARLINGTON, VA 22212 

COMMANDER 

US ARMY INTELLIGENCE « SBC CMD 
ATTN TECHNICAL LIBRARY 
ATTN TECH INFO FAC 
ARLINGTON HALL STATION 
4000 ARLINGTON BLVD 
ARLINGTON, VA 22212 

COMMANDER 

US ARMY MISSILE COMMAND 

ATTN DRCH4-PB-EA, WALLACE O. WAGNER 

ATTN DRCPH-PE-EG, WILLIAM B. JOHNSON 

ATTN DRDMI-TBD 

ATTN DRDMI-EAA 

REDSTONE ARSENAL, AL 35009 

COMMANDER 

US ARMY TEST AND EVALUATION COMMAND 
ATTN DRSTE-FA 

ABERDEEN PROVING GROUND, HD 21005 
COMMANDER 

US ARMY TRAINING AND DOCTRINE 
COMMAND 

ATTN ATORI-OP-SW 
FORT MONROE, VA 23651 

COMMANDER 

WHITE SANDS MISSILE RANGE 

ATTN STEWS-TE-AN, J. OKUMA 

DEPARTMENT OF THE ARMY 

WHITE SANDS MISSILE RANGE, NM 88002 

OFFICER-IN-CHARGE 

CIVIL ENGINEERING LABORATORY 

ATTN COOE L08A (LIBRARY) 

ATTN CODE L08A 

NAVAL CONSTRUCTION BATTALION CENTER 
PORT HUENKME, CA 93041 

COMMANDER 

NAVAL AIR SYSTEMS COMMAND 
ATTN AJR-350F 
WASHINGTON, DC 21360 


COMMANDER 

NAVAL ELECTRONIC SYSTEMS COMMAND 
ATTN FNE 117-215 
WASHINGTON, DC 20360 

COMtANDER 

NAVAL OCEAN SYSTEMS CENTER 
ATTN COOE 015, C. FLETCHER 
ATTN RESEARCH LIBRARY 
ATTN CODE 7240, S. W. LICHTNAN 
SAN DIBOO, CA 92152 

COMMANDING OFFICER 
NAVAL ORDNANCE STATION 
ATTN STANDARDIZATION DIV 
INDIAN HEAD. HD 20640 

SUPERINTENDENT (CODE 1424) 

NAVAL POSTGRADUATE SCHOOL 
ATTN CODE 1424 
MONTEREY, CA 93940 

DIRECTOR 

NAVAL RESEARCH LABORATORY 
ATTN CODE 4104, SHANUAL L. BRANCATO 
ATTN COOE 2627, DORIS R. FOLEN 
ATTN COOE 6623, RICHARD L. STATLSR 
ATTN COOE 6624 
WASHINGTON, DC 20375 

COMMANDER 

NAVAL SHIP ENGINEERING CENTER 
DEPARTMENT OF THE NAVY 
ATTN COOE 6174D2, EDWARD F. DUFFY 
WASHINGTON, DC 20362 

COMMANDER 

NAVAL SURFACE WEAPONS CENTER 
ATTN CODE F32, EDWIN R. RATHBURN 
ATTN L. UBELLO, CODE WR43 
ATTN CODE WA51RH, RM 130-108 
WHITE OAK, SILVER SPRING, MD 20910 

COMMANDER 

NAVAL SURFACE WEAPONS CENTER 
DAHLGREN LABORATORY 
ATTN CODE DF-56 
DAHLGREN, VA 22448 

COMMANDER 

NAVAL WEAPONS CENTER 
ATTN CODE 533, TECH LIB 
CHINA LAKE, CA 93555 

COMMANDING OFFICER 

NAVAL WEAPONS EVALUATION FACILITY 

ATTN CODE AT-6 

KIRTIAND AIR FORCE BASE 

ALBUQUERQUE, NM 87117 

OFFICE OF NAVAL RESEARCH 
ATTN CODE 427 
ARLINGTON, VA 22217 

DIRECTOR 

STRATEGIC SYSTEMS PROJECT OFFICE 
NAVY DEPARTMENT 

ATTN NSP-2701, JOHN W. PITSENBERGER 

ATTN NSP-2342, RICHARD L. COLEMAN 

ATTN NSP-43, TECH LIB 

ATTN NSP-27334 

ATTN NSP-230, D. GOLD 

WASHINGTON, DC 20376 


COMMANDER 

AERONAUTICAL SYSTEMS DIVISION, AFSC 
ATTN ASD-YH-KX 
ATTN ENFTV 

WRIGHT-PATTERSON AFB, OH 45333 

AIR FORCE TECHNICAL APPLICATIONS 
CENTER 

ATTN TPS, N* SCHNEIDER 
PATRICK AFB, FL 32*25 

AF WEAPONS LABORATORY, AFSC 
ATTN NTN 
ATTN NT 

ATTN EL, CARL E. BAUM 
ATTN ELXT 
ATTN SUL 
ATTN CA 

ATTN ELA, J. P. CASTILLO 
ATTN ILP 

ATTN ELT, W. PAGE 
ATTN NXS 

KIRTLAND AFB, W 87117 
DIRECTOR 

AIR UNIVERSITY LIBRARY 
ATTN MJL-LSE-70-250 
DEPARTMENT OF THE AIR FORCE 
MAXWELL AFB, AL 36112 

HEADQUARTERS 

ELECTRONIC SYSTEMS DIVISION/YSEA 
ATTN YSEA 

DEPARTMENT OF THE AIR FORCE 
HANSC OH AFB, MA 01731 

COMMANDER 

FOREIGN TECHNOLOGY DIVISION, AFSC 
ATTN NICD LIBRARY 
ATTN ETDP, B. L. BALLARD 
WRIGHT-PATTERSON AFB. Ofl 45433 

COMMANDER 

03DEN ALC/MKEDDE 

ATTN OO-ALC/WtKTH, P. W. BRRTKEL 

ATTN mEDO, LEO KIDMAN 

ATTN MAJ R. BLACKBURN 

DEPARTMENT OF THE AIR FORCE 

HILL AFB, ITT 84406 

commander 

ROME AIR DEVELOPMENT CENTER, AFSC 
ATTN TSLD 

GRIFFISS AFB, NY 13441 
COMMANDER 

SACRAMENTO AIR LOGISTICS CENTER 
ATTN MMCRS, M. A. PELMASTRO 
ATTN MM1RA. J. W. DENES 
ATTN MMSREM, F. R. SPEAR 

department of the air force 

MCCLELLAN AFB, CA 95652 
SAM SO/IN 

AIR FORCE SYSTEMS COMMAND 
P.O. BOX 92960 
ATTN IND 

WORLDWAY POSTAL CENTER 
LOS ANGELES, CA 90009 
(INTELLIGENCE) 


* 


96 





DISTRIBUTION (Cont'd) 


SAN SO, Ml 

AIR FORCE SYSTEMS COMMAND 
ATTN NNNH, MAJ N. BA RAN 
ATTN NNKH, CART R. I. LAWRENCE 
MORTON ARB, CA 92409 
(HINUTEMAN) 

SANSO/YA 

AIR FORCE SYSTEMS COMMAND 
ATTN YAPC 
P.O. BOX 92960 
WORLCMAY POSTAL CENTER 
U>S ANGELES, CA 90009 

STRATEGIC AIR COMNAND/XPFS 
ATTN NRI-STINFO LIBRARY 
ATTN DEL 

ATTN GARNET K. NATXES 

ATTN XPFS, MAJ BRIAN G. STEPHAN 

OPFUTT AFB, NB 68113 

DEPARTMENT OF ENERGY 
ALBUQUERQUE OPERATIONS OFFICE 
ATTN DOC CON FOR TECH LIBRARY 
ATTN OPERATIONAL SAFETY DIV 
P.O. BOX 5400 
ALBUQUERQUE, M 87 MS 

UNIVERSITY OF CALIFORNIA 
LAWRENCE LIVERMORE LABORATORY 
ATTN DOC CON FOR TECHNICAL 
INFORMATION DEPT 

ATTN DOC CON FOR L-06, T. DONICH 
ATTN DOC CON FOR L-545, D. MEEKER 
ATTN DOC CGN FOR L-156, E. MILLER 
ATTN DOC CON FOR L-10, H. KRUGER 
ATTN DOC CON FOR H. S. CABAYAN 
P.O. BOX 808 
LIVERMORE, CA 94550 

IIJS ALAMOS SCIENTIFIC LABORATORY 
ATTN DOC CON FOR BRUCE W. NOEL 
ATTN DOC CON FOR CLARENCE BENTON 
P.O. BOX 1663 
LOS ALAMOS, Ml 87S45 

SANOIA LABORATORIES 

attn doc con for c. n. vittitoe 

ATTN DOC CON FOR R. L. PARKER 
ATTN DOC CON FOR ELMER F. HARTMAN 
P.O. BOX 5 BOO 
ALBUQUERQUE, Ml 87115 

CENTRAL INTELLIGENCE AGENCY 
ATTN RD/SI, m 5G48, HQ BLDG 
FOR OSI/NED/NWB 
WASHINGTON, DC 20505 

ADMIN ICTRATOR 

DEFENSE ELECTRIC POWER ADMIN 
DEPARTMENT OF THE INTERIOR 
ATTN L. O'NEILL 
INTERIOR SOUTH BLDG, 312 
WASHINGTON, DC 20240 

DEPARTMENT OF TRANSPORTATION 
FEDERAL AVIATION ADMINISTRATION 
ATTN SBC DIV ASE-300 
HEADQUARTERS SEC DIV, ASE-300 
800 INDEPENDENCE AVENUE, SV 
WASHINGTON, DC 20591 


AEROSPACE CORPORATION 
ATTN C. B. PEA ALSTON 
ATTN IRVING M. GARFUNKEL 
ATTN LILIAN REINHEIMER 
ATTN LIBRARY 
ATTN CHARLES GREENHOW 
P.O. BOX 92957 
LOS ANGELES, CA 90009 

AGBABIAN ASSOCIATES 
250 NORTH NASH STREET 
ATTN LIBRARY 
EL SEGUNDO, CA 90245 

AVCO RESEARCH I SYSTEMS GROUP 
201 LOWELL STREET 
ATTN W. LBPSEVICH 
WIIMINCTTON, NA 01887 

BATTKLLE MEMORIAL INSTITUTE 
505 KING AVENUE 
ATTN ROBERT H. BIAZEK 
ATTN EUGENE R. LEACH 
COLUMBUS, OH 43201 

BDN CORPORATION 
7915 JONES BRANCH DRIVE 
ATTN CORPORATE LIBRARY 
MCLEAN, VA 22102 

BDM CORPORATION 
B.O. BOX 9274 
ATTN LIB 

ALBUQUERQUE INTERNATIONAL 
ALBUQUERQUE. M« 87119 

BENDIX CORPORATION, THE 
RESEARCH LABORATORIES DIVISION 
ATTN MAX FRANK 
BENDIX CENTER 
SOUTHFIELD, MI 48075 

BENDIX CORPORATION 
NAVIGATION AND CONTROL GROUP 
ATTN DEPT 6401 
TETERBORO, NJ 07608 

BOEING COMPANY 
P.O. BOX 3707 
ATTN HOWARD W, WICKLEIN 
ATTN D. E. ISBELL 
ATTN DAVID KEMLE 
ATTN B. C. HANRAHAN 
ATTN KENT TECH LIB 
SEATTLE, WA 98124 

BOCE-ALLEN AND HAMILTON, INC. 

106 APPLE STREET 
ATTN R. J, CHRISNER 
ATTN TECH LIB 
TINTON FALLS, NJ U7724 

BRCNN ENGINEERING COMPANY, INC. 

CMININGS RESEARCH PARK 
ATTN FRED LEONARD 
HUNTSVILLE, AL 35B07 

BURROUGHS CORPORATION 

FEDERAL AND SPECIAL SYSTEMS GROUP 

ATTN ANGELO J. MAURIELLO 

CENTRAL AVE AND ROUTE 252 

P.O. BOX 517 

PAOLI, PA 19301 


CALSPAN CORPORATION 
P.O. BOX 400 
ATTN TECH LIBRARY 
BUFFALO, NY 14225 

CHARLES STARK DRAPER LABORATORY INC. 

555 TECHNOLOGY SQUARE 

ATTN KENNETH FERTIG 

ATTN TIC MS 74 

CAMBRIDGE, MA 02139 

CINCINNATI ELECTRONICS CORPORATION 
2630 GLENDALE-MILFORD ROAD 
ATTN LOIS HAtWOND 
ATTN SINCGARS-NWt 
CINCINNATI, OH 45241 

COLLINS TELECOMMUNICATIONS PRODUCTS 
DIV " " 

ELECTRONIC SYSTEMS GROUP 
ATTN SINCGARS-NWt 
855 35TH STREET, NE 
CEDAR RAPIDS, IA 52406 

COMPUTER SCIENCES CORPORATION 
6565 ARLINGTON BLVD 
ATTN RAMONA BRIGGS 
PALLS CHURCH, VA 23046 

COMPUTER SCIENCES CORPORATION 
1400 SAN MATEO BLVD, SE 
ATTN RICHARD H. DICKHAUT 
ATTN ALVIN SCHIFF 
ALBUQUERQUE, m B7108 

CONTROL DATA CORPORATION 
P.O. BOX 0 
ATTN JACK MEEHAN 
MINNEAPOLIS, MN 55440 

CUTLER-HAMMER, INC. 

AIL DIVISION 

ATTN EDWARD KARPEN 

COM AC ROAD 

DEER PARK, NY 11729 

THE DIKBIOOD CORPORATION 
1613 UNIVERSITY BLVD, NE 
ATTN TECH LIB 
ATTN L. WAYNE DAVID 
ALBUQUERQUE, 87102 

THE DIKEWOOD CORPORATION 
2716 OCEAN PARK BLVD 
SUITE 3000 
ATTN K. LEE 

SANTA MONICA, CA 90405 

E-SYSTMS, INC. 

GREENVILLE DIVISION 
ATTN JOLETA MOORE 
P.O. BOX 1056 

Greenville, tx 75401 

EFFECTS TECHNOLOGY, INC. 

5383 HOLLISTER AVENUE 

ATTN S, CLOW 

SANTA BARBARA, CA 93111 


97 








|)|,4Tt> 1 WIT I ON (t'oht’il) 


EdArt NABHlNmoN AMALYTII M, HENVIOBS 
OENTEB, IHO. 

P.O. BOB 10H* 

ATTN r. lit MAM 

ALRuguiBeut, wt situ 

ELECTED MAUNET10 APM.10ATIOHB, INO. 

ATTM tatiBMtr-K ENIMBB 

A’lTN AAV BOND'S 

187B SOUTH (JABEIBON ST 

DENVER, eu S032A 

EXXON NUCLEAR PtWPANY, f.t 

research anu tbchWodkiy center 

ATTN DB. A. Hi TNIVELHECB 
2800 USONUS WASHINGTON NAY 

RICHLAND, NA 88182 

PAINCHU.H CAMERA ANO INLTNUMKNT 
COMP 

4A4 814,18 BTSEET 

ATTN SEC CON EON DAVttl B, HYENA 

MOUNTAIN VIEW, CA '•4040 

roNo AEN.OBPAC* A COMMUNICATIONS 
CORE 

1818 rAOtAN NAY 
ATTN TECHNICAL LIBRARY 
PAt/i ALTO, OA 84H'» 

POND AENOBPAOM A COMMUNICATIONS 
COSPoNAftoN 
NOW) A JAMBOREE NOAltn 
ATTN EEN C. ATTINOES 
ATTN E. Ni KlNCBLBT, On. 

NEWPORT REACH, t'A 83AA1 

PSANSLtN INSTITUTE, THE 
20TH BTH.JBT AND PARKWAY 
ATTN MAMIE Hi THOMPSON 
PHIIAUELPHliti PA '8181 

oknkral dynamics oonp 
eijotmonicb mvtstoN 

PiOi SUE S1130 

ATTN MUCH MS 

NAN DIEflO, OA 8a.1iS 

OENENMj DYNAMICS CORPORATION 

IHTKR-OtV.BloN SENEANOH D1MSASY 

I® A SHY MESA 

P.o. BoK B 0 B 41 

ATTN MEHEASOH LIBRARY 

SAN DIKfln, OA HSiai 

UENKNAti ELECTRIC 00 . -TEMPO 
OENTEN EON ADVANCED STUDIED 
HI!t STATE STREET (Pn DNAWES gel 
ATTN DAStAO 

ATTN NOYDEN Mi RITTHEPPORD 
ATTN WILLIAM MPHAMERA 
BASRA BARBARA, OA 81103 

tIBNBRAL ELECTRIC OOMPANY 
AENONPAOE EMOTSONIOB r'STBMB 
PRENCH NOAH 

ATTN OHANt.ES M. HBWIBON 
UTtOA, NY 11801 

OHHBHAL EMOTE 10 OOMPANY 

p.Oi Btis woo 
A TIN TKOH tits 
SINOHAMTON, NY 118.13 


OENESA!. EUtOTEll- 0(1. -TEMPO 

alexanohia ops 10* 

HUNTIRtlTOU MltUUNO, EUtTE 100 
ATTN DABIAT 

JAAO HUETINilTON AVENUE 

Alexandria, va a .ioi 

rtENEEAL RESEARCH OOSPORATION 
SANTA BAE8AHA DIVISION 
ATTN Ttt'S 1NSO <*PYT* 
p.o. mix *m> 

SANTA EASliASA. OA 81111 

osnsoti, IHu.MTIPT* OP TKOHNOl/XiY 
OEnSutA TEOH NEEEASOM tNBTtmi 
ANTE B. OllESY 
AT1ANTA, HA Ml 1J 

OEoS.ttA INSTITUTE OP TECHNotflUY 
OPPtei OP CONTRACT AWtNtETEATtON 
ATTN bbos beounity 0 nountNATOS 
atts sen a bsd ooosn ros 

HUflM DENNY 
ATiAHTA, rJA 101ia 

ONIIMMAN ASNOBPAOE 0 ON SO NATION 
SOUTH OYHTEN *AY ROAD 
ATTN 1.-01 IS 
SETMPAOE i NY 1111* 

OTE SYLVAN!A, INO. 

EI.EOTBON10B SYSTEMS OEP-EABTESN 
MV 

ATTN 0HAH1.EB A. THORNHILL, I.ISEAE1AN 
ATTN LEONARD L. SI At SHELL 
77 A BTSEET 
HEEDSAH, MA 03'8* 

UTE BYI, VANIA, INC. 
ia. riTAKISt' 

ATTN OHASl.EB M. MAMBBifTTOM 
ATTN OAV1D H. P‘4 Bit! 

ATTV EMU, MOT*NOE 

ATTN H A V (ISO! IP, MAEIO A. NUEEPOEA 

ATTN WAltlBON 

mEEDMAH HBIOH'i'S, MA 03184 


HONEYWELL 

hanine bybteme div 

ATW DONALD NE18N 
lann E BAN SENNANDINO ED 
MEET OOVlNA, OA *11*0 

HirnSEB At SO EAST COMPANY 

oewtineia and tea tat 

ATTN JtMN S. StNflLETAEY 
AWN OThO A/E110 
ATTN EENHETM N. NAI.EES 

OUL'PBN OITY, OA 50210 


I IT NEEiASCH INSTITITTE 
ELEOTE'ESArt OOMPATAEII.ITY 
HOSTS BEVESN 
ATTN AOOAT 
ANNAPOLIS, Eli 21403 


ANAL otm 


tit EEBEASCH INSTITUTE 
10 NEST ISIS BTSEET 
AWN litVINU N. MIHDEI. 

ATTN JAOE E. BE 1 DOES 
OMIOAOO, II. BOA 1A 

INSTITUTE 'ON DEPENBE ANALYSES 

4oo anmy-navy dnive 

ATTN TEOH INPO 8EEVIOES 
ASI.INtlToN, VA 33303 

INTI, TEL «. TBLBORAPH CORPORATION 
800 WASH INiTTON AVENUE 
ATTN TEOMNIOAI, LISSASY 
ATTN ALEEANDEB T. 8tCHAEDBON 
NUTI.EN, N,1 011 10 


ITT 

AENOSPAOE/OPTIOM, DIVISION 
17011 K, ptNTIAl- BTNEET 
ATTN 8INI OAltS-NWE 
POST WAYNE, IN 40U01 


1ST ooSPosATtON 
p,ii, SHE R10R7 
ATTN O. S. WILLIAMS 
ATW DENNIS BW1PT 
SAN 171*1*1, OA 831 IN 


I1ASN1B OOSPoBATtoN 
HASSIS BI»1!OONDI)OTOS DIVISION 
ATTN V PEEd a NON PSOUMB MV 
p,D, PIE BB1 
MELBOURNE, PL 12801 


,tA‘' 'OS 

BANTB BAMSASA PAOtLiTY 
AWN W, A, RADAR KY 
p.n, BOB 300" 

SANTA HAMBABA, OA OHIO 


HA/EL,TINS OOBPOSATION 
P1ILASEI HOAD 

ATTN TEOH tNPo OTS, M. WAITE 
flSEENLAWN, NY 111*0 

HONEYWELL INOONpnBVTSD 
AVtoNIDB DIVISION 
1A00 SIIKIEWAY pariwy 
ATTN BsM* LIB 
AfTN S.iNAt.D E, U'HNBON 
MINNEAPOLIS, MH 00411 


JAYOoB 

1401 CAMINo DEL HAH 
ATTH EH 10 P, WENAAB 
ATTN NALPII H. STAHL 
DEL MAH, OA 84014 

IAYOON 

aoo s wHirriHO btbeet, suite son 

ATTN LIS 

ALESAMDSIA, VA 12104 


Honeywell ihoonponatsu 
avionioo division 

11100 U. Pi HUiMWAY 1» NORTH 
AWN H B 120-0, STACEY M. ORAPP 
ATTN W, Ei S'fflWAST 
ST. PETESSSIIBU, PL 11111 


Ml 







kamih (N'ikncxii pi intonation 
B.O. BOX 7401 
ATTN AU1NPT X. NNIIXINN 
ATTN W, OONTBN NIPN 
ATTN WAl.TKN I. BAX* 

ATTN rBANK N. BNBt/HW 
ATTN ,HXNY um*u, 

ATTN BNII. THAT* 

ATTN WXNNtN BTANX 
POUINAUI NBNINfl*, 00 BOTH 

UTTlIN NVNTNMN, INO. 

OAiA NYNT1B1B mVIMON 

m so woonwiv avinux 
attn *mo or 
ATVN MN4N-B1 
VAN NUYN. OA <*1404 

I.ITTON NYNTNNK, INO. 

AMXPlM 01VIBI0N 
A11A OAl.VKNT NOAH 
ATTN J. NKAltUN 
OOMJKIR BANK, Ml, 30741 

13l'KH*Kt1 MINNil.NB ANU ..PACK 
COMPANY, INC. 

I-.II, NON AC4 
ATTN L. NUNN I 
ATTN NAHINII, I. TAIMUTY 
ATTN II. K. THAVN 
ATTN (IKONUK 0. II NATH 
ATTN NXNJAMIN T. NINIINA 
BUNNY »AI,N, OA 441HA 

U10KMKKI* HI NX I MIN ANII BBAl’X 
COHBANY, INO. 

IOI MANOVNN NTH NOT 
ATTN TNCII INP'I O'rN |l/:'ll|,|. 

PAUI Al.TO, OA 14.104 

M. |,T. I.IN001N I,ANlINATONY 
O.o. BOX 1! 

ATTN I,NONA UllllWI.IN 
UiXINlffON, MA Mill 

HANTIN MANINTTA OIINBONATION 
ONI.ANfX! illVIHMN 
0.0. BOX AN5T 
ATTN NONA 0. IlHtNNITII 
ONMNIIO. 01 WN«A 

NOIXINIIK!,.. It'IHII.AH OOXBOUATION 
O.o, BOX 110 
ATTN TOM ftltWN 

HHIIN, NO Minn 

HOO.ONKNI.I, 1110 it,AN os in NONATION 
AIM NOI.BA AVKNHK 
ATTN NTAHI.NY NOIINNIUXN 
ATTN TN'II t.IBNANY NXNVIONI* 
HUNTIHtrriIN HNaOII. OA 111041 

MINN ION NXNKANPH ."OilBONA’" ION 

0.0, tiNANXX 111 

ATTN BMC I1NOUO 

ATTN Wtl.MAO I’lOiT 

A'lTN IOWHINX 

NANA'A r.'P'r.V'A, "A Hi 1.1 




DIHTKIIIIIT10N (I'ont'd) 


MMNION NWIANON flINBONATION 
KM NYOTW APPLIOATIONB MVIM10N 
'400 BAN NATNO BI.VU, XN, MIT* A 

attn novrn r. N*N»fliT«rN 

aIAIUCUBNOUN, *#4 BY I OB 

NINBION NBiBANPH OONBONATION'NAN 
Dt BOO 

B.O. BOX 1JB* 

ATTN V. A. J. VAN LINT 
LA JULIA, PA «3<IIN 

HITNK OOXBOUATION, Tl* 

B.O. BOX 30N 

ATTN M. B. rlTNUBNAU! 

NBUNOMl, MA 01118 

N0NI1KN NYBTKHN, IN". 

MBI*"! BTXXNT 

ATTN TBPNN1PAI. I.1NNAHY 

NON-IaLX, pt oanan 

N<INTMNOC NKSKAITM TNOHNOUIOY 
PNNTNN 

ONN XXNNANOH BANK 
ATW UNNANY 

BAI/1B VKNflNN BNNN, PA 41374 

NONTHNOB PONBONATION 
KI.HPriOHtP UtVlNiON 
3101 WKBT 130TH ttTNNXT 
ATTN I AM WITH 
ATTN NAII NNNXPTN HAP 
MAWTIIONNX, OA IliYO 

OUYNION INTNNNATtONAI. COMPANY 
JUKI MKNPNIi KTNNNT 
ATTN nor OON 
BAN IAANUNO, OA 44'. I ’ 

N A n ANNOUtATKN 

0.0. BOX <N.m 

ATTN K. OIAY NOOXXN 

A'lTN 0HANIA1 MO 

ATTN N iOHANII N. HUHAKOKN 

ATTN UK' OON 

ATTN M. ONOVXN 

ATTN 0. MAOHOWAl'1 

ATTN J. XlBtNAXHT 

MANINA 1*1, NNY, OA "I.'41 

MAH ANNIVIATBB 
14M WIUION BI-VI' 

HUITN Mill 
A T > J. *W*IHANtlT 
api.initoh, va vv.'h 

IIANIl i'HNOOHATIiIN 
11011 MAIN NTNBB.T 
attn I.IB-II 
ATTN M. NOM.0NNY 
OANTA MONICA, ''A '*"41" 

NAYTI'.XUN CIO,-ANY 
IIAHTWNM. ;i"AH 
ArH. IA.1AHAN II. -K'MIlt 
NNliroNO, MA Mill 

NAYTIIH"W ■ rit-ANY 
MM p.itlTi'N O'lrtT MOAU 
A'l'N HAIn 0,0 '' i.lH'lll'N 

BUIl,HUY, MA «<» >» 


MCA CONNOVATION 

tiAvtn BANNorr hnn cxntxn 
atpn otuxa* j. bnup«n 

B.O, BOX 413 
BNINPXTOH, NJ 0NA40 

MPA POBBOBATtON 
HAVT 1 BANNorr nbbiabch pxntxh 
ATTN BBCUNITY BBBT, I.. MINICH 
B.O. BOX 413 

PNIHt STUN, NJ 01148 

NCA OOXBOUATION 
CAMIKN ClWBLXX 
01,0,IT A POOPKN HTNNKTN 
ATTN CL1V* WM1TNHKAH 
ATTN N. M. NUNTNOM 
CAM URN, NJ INO 13 

KOPIWi:!,l, INTXNNATIoNM, roNOoNATUlN 

O.'l. IN ,X 1111 

ATTN H. J. HlllIK 

ATTN J. I.. M'.NNOK 

ATTN V. J. MICMXI. 

ATTN ti/341-OtiN, 011-PA11 
ANAIIXIM, CA 1JN01 

NvK'WNU, 1NTKNNATII1NAI, OONPONATMN 

MPAPK HI VIB ION 

ATTN B. K. WIIITK 

13314 BiNITM WttWrX'tl NoW.KVANTI 

WWNKY, CA 40341 

NlX'KMWI.I, INTKBNATioNAl, CONBONAT»oN 

bia iaoham btbwct 

ATTN 1-1, U1V TIC (NAOMI 
XI, 1AOUNIN1, OA 4034A 

HiMiWK,... iHTKNNATIoMAt. "CK0"NAT!"N 
0 , 0 , Bo> mi 

A TON 0. A. 1IIAW 
T, NANO 101,11, HT B40IW 

NANHBNN ANa.X'lATBn, INC, 

11 PANAI, BTNNir 

ATTN 1-0371. N. 0. UNBPATHY, 

BN 0 X 

NABIIHA, Nil mono 
m'toNi'K mbbi.icationi, in'\ 

0.0. BOX 37 1 

ATTN PNNI IK II ICO M. TOICIir 
WNKOKI.XY, ''A 44/1! 

IN'IKNCI! AOOI-|CAT|"rtU, IN''. 

0,,,, It,IX 3IM 
ATt"l H. OAHOINN'N 
lol .>1,1,4, ,'A 431 IB 

Hi'IKNi'K AOOI.I-’ATHiNB, INC, 

rilNTBVI I.IA, lUVIBION 
MOM y, C|.|NT"M \v*nu* 

Ol'ITK. •• 1.1 

A "TW l»l*l. 1, ,tVNN 

HOITIIVl Al, IN MB A 

Ill'll.VN AOi'I.ICAl toNH, IN' . 

1411 iiJ-irOANX MlVK 
Ai'TN 311' I AM I. OKAHNNY 
Ni'l.t.A I, VA A, 111 


■ **•“- i mi* 1 J ' ■ Jk* •' *ii' ,11iii i,l.il 












DIHTKI MOTION Il'ontM) 


MINIIKN ClMNANY 
HAD HC NR 1 OR AV1CNOR 
ATTN TKCN tNRO CTN 

uwi* rau.k, Nii o?4J4 

HPKNNY NANI) CORPONATION 
HPKNNY HICNtMAVK RI.RCTNON |(*M 
P.O. NOR 4A4N 
ATTN HANllANRT I'ONT 
CIJIANWATKN, Rl. MAIN 

lO'KNNY NANO CORPORATION 
FIPRNNY OtVINtoN 
HA WON AVKNOK 
ATTN TRCM Ml 
UNRAT NWX, NY 110^0 

HPKNNY NANO IMNNONATION 
HPKNNY ri.llllff HYNTWN 
P.O. NOR itt1* 

ATTN 0. ANONNN HCMOH 
WIOKNIX, A* NAtlU) 

I'.I'IKK rokROMTII'H 
P.O. NOR 0 
ATTN iRIHN Hi IMMM 
ATTN MOURN 0. MTTIJI 
HRORONP, HA 1)1 till 

MIN INTKHNA TIONAI. 

Ill NAVNNNWIN'O AVKNOK 
AWN ANTIIIIN I JIN NIItTNON 
MKNIO t'AMRi 1A 

MYNTKHM, HCIRNCR AND NOR'IXAMR, INI'. 

P.O. DOR inti 

ATTN ANDNKW N. WIMnN 

i a ,iii,i, a, ,'A »nn 

TKKAH INllTNIMNNTN, INI' 
p.o, hor ttnni' 

ATTN TRi'II ,,in 
ATTN IRINA 1,0 ,1. HAiiO'i 
AT,N KNAHK PUNIKNS! 

OAi.'.AN, IN tA.trift 

TNW DKKKPhK A lll'Ai'R MYII >'MOOI' 

ONN MPAOK PA HR 
ATTN O. R. Al'AHN 
ATTN N. K. PI.Rmiril 
ATTN l„ M. HAUNOI.IA 
AWN II. II, MOM.ONAY 
ATTN W, IANIIANO 
IIRIKINIII IlKACII, ,'A 'in,'III 


TKKAM UP'H IINIVRHHITY 

p.O. NOR A40 4 NORTH COI.I.RUR UTAH ON 

ATTN TNAVIN 1„ NIHPNON 

I.OHN'N'X, TR t'«4lt 

IINITRO TKI'HNOMMlt RN I'nNP 
HAH I I,TUN NTANOANO IT VI Ml "N 
ATTN I'MIRr Rlalf OKMI'IN 
HNAOI.RV INTRNNATtoNAI. AINPONT 
NINONON UK'KH, IT MnMI-.'l 

WNNTINlllloONR RI.Ri'TNU' I'ONPoNATION 
AOVANCRO RNRNOY I.YMTRHM 01V 
ATTN TRCH I,IN 
P.O. NOR )MNM4 
PIWHNOHOM, PA lit 


ON MY RIJti'TNONIl'H HKMKAH'M 
A OKVRUX44RNT ClMHAND 
ATTN TKOHNtOAI. OINRl'TON, 0N0RI.-l"r 
ATTN IXlMI. ORRtl’K 

IIANNY OIAH.ONO MNoNATONIKH 

A WN CO/TO/TNO/OtVINt(4l OIHRl'TONM 

AWN NB'ONI) I'OPY, NWHII 

ATTN HOI, I.IHMAHY, Ml 100 Hl'oPIRHI 

ATTN NOI, I.INNANV, Ml 100 (WIRIPHNIPOK) 

AWN I'HAINHAN, rlUToHIAI. I'OHH IWRR 

AWN TKl'ItNII'AI, NRPONTM MHANi'H, Ml 001 

AWN ,'HIRR, ttonn 

AWN CHIRR, 441110 (t COPIKMt 

AWN CHIRR, 44JOH 

Aim CHIRR, ttMOO 

awn chirr, 

AWN CM IRR, 11*101 

AITN CHIRR, .*1000 

A WN CHIRR, 4! 1IMI I I OOPIRIU 

ATTN CHIRR. tlWU 

ATTN CHIRR, 41 001 IN COPIRM! 

ATl'N CHIRR, .'1400 I I CUPIRMI 

AT.-N CHIRR, VlMOO 

AWN CHIRR, 4044'.) 

AWN TNIHHRN, P. , 44100 

ATTN VAOI.IN, ,1., 44100 

AWN VHAHRI,, M. .1. (40 COPIRM) 


l on 








